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Abstract 



Avertica,lval,gnn,entn.oae liquid crystai d^^^^^^^^^^^^ 

is disclosed. The disclosed liquid ^-VStal display dev.ce use^^^^ 

anisotropic dielectric constant andonen^oU^^ 

when no voltage being apP^dTaT^g^^^^l^^l^j—^^ (20) as 



azimuths of t.e ot,lique orientations of the liquid crystal when the intermediate voltage is applied. 
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The present invention relates to a liqu,d costal d.splay (LCD), and r.ore particularly to a vertically- 
aligned (VA) LCD. 

computer, word processor, ^'''^ P^^^^^^'^'^^l']\f^ there is a demand for further 

television set, and expected to further ^^^P^"^, f JT^^'f '^^^^^^^^^^ LCD for instance. 

formed and carry out displays by applying voltage between the electrodes. 

. J I A^r^t^H fnr thP TFT LCD is a normally-white mode that is implemented 
Currently, a mode most w.defy ^dop ed for the TF 1 LCU^^^^^^ y outstandingly 

in a twisted nematic (TN) LCD. The °f ^"""^^^^^ he TN TFT LCD have 

advanced in recent year^^^^^^^^^^ P-f^f,fJj ,,3,,3cK of a narrow viewing 

rng^rrS^ThCsfs a^roblemlhaTthe application of the TN LCD is limited. 

,n an effort to so.ve these problems, Japanese Exarnined Patent Pu^^^^^^^^^ 53-48452 and 1- 
120528 have proposed an LCD adopting a mode referred to as an IPb moae. 

However, the IPS mode suffers t:,rnra^'ral'^Ic^."h1t"^ntl7e Sri^ ISlcT ?n^ a^ ^ 
fast motion is displayed, drawbacks '"^l^^'ng a draw^^^^^^ that an ,m 9 ,^ ^^^^^^ ^^^^^^^ 

actual panel, therefore, '"f.-'^P^^^'^S ^^^^.Sbratout lS^ However, even when the direction of 
the electrodes but rubbed ,n a direction f j ^^^^^^ |ps mode s twice longer than the one 



viewing angle. 



AS mentioned above, the IPS mode that has ^-Xf-^^^^^^^^^^ 

on the viewing angle characteristic °f '^e TN mode has a ver^caHy^alignMimmo^ 

the IPS mode other than the viewing ^^gle chara"^^^^^^^ UiFFTS^P^l^rizitio?; 
usinaa^erticaLaliani^^ effect. The VA mode is 

eTfifedTiHiiain^^ 
a riiodeusing^negauve^^ 

....... i.™c.i„, «»*n „ . no.., 

mode for a liquid crystal display. 

„ow.«r. ». VA n,od. h„ t«, .... pr.M.m ~ '>» ™ * 
p,„«„., .1... I hM intensil, <««gy">»ggw °; "^f "'"T ' , .nWrnWIB of . 



characteristic. 



U is Known that viewing angle Pe^^orma- of a li,^^^^^ ^aliinl mo-icu'lel ;ns-^e™eTs1o a^^" 

be improved by setting the °^;^"'at,on directio^^^^^ crystalline 
plurality of mutually different directions^Gen^^^^^^^ ^^^^^^ ^^^^ restricted by 

molecules (pre-tilt angles) wh oh keep fnm The rubbing treatment is a processing 

a doth such as rayon, and the li.uid 
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crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance can 
be improved by making the rubbing direction different inside the pixels. 

Thouah the rubbing treatment has gained a wide application, it is the treatment that rubbs and 
ISuently da^ the surface of the alignment film and involves the problem that dust .s hkely to 



occur. 



A method which forms a concavo-convex pattern on an electrode is known as another method of 
reSqme pre tilt angle of the liquid crystalline molecules in the TN mode. The l,qu,d crystalline 
r^oteculel in7e proxim'y of the electrodes are orientated along the surface hav.ng the concavo- 
convex pattern. 

It is known that viewing angle performance of a liquid crystal display device in the VA mode can be 
mprove^ by setting thl orientation directions of the liquid crystalline ^J"^'^^^ P'>'.f ^ 

pZality of mutually different directions. Japanese Unexamined P-*^" P"^" ^2^^^^^^^ 3 
301036 discloses a LCD in which apertures are provided on a counter electrode^ Each aperture faces a 
center of a Dixel electrode and oblique electric fields are generated at a center of each pixel. The 
oMentafen d rectrns of the liquid crystalline molecules inside each pixel are divided into two or four 
d ectiordue to me oblique electric fields. However, the LCD disclosed ,n Japanese Unexamined 
St PubrcatVon (KokaO No 6-301 036 has a problem that its response (switching) speed is no 
enouah oarticu^ speed for transition from a state in which no voltage is applied to a 

Sn v'hic^a voLge is applied is slow. A cause of this problem is presumed that no oblique electric 
Lid exis(s when no v'oltagel' applied between the electrodes. Further because a '-gth of each area 
having continuously oriented liquid crystalline molecules in each Pl'^e' '.^^^ half °f a pixel size, a time 
all liquid crystalline molecules in each area to be onented in one direction becomes long. 

Further Japanese Unexamined Patent Publication (Kokai) No. 7-199193 discloses a VA LCD in which 
sloDefhivinq differenfdSns are provided on electrodes and the orientation directions of the liquid 
S a line':'olefursinside each pixe^ are divided. However according to me ^^1^^'°-^^, 
the vertical alianment film formed on the slopes are rubbed, therefore, the VA LCD disclosed in 
apane e U examined Patent Publication (Kokai) No-7-199193 also has 

that dust is likely to occur. Further, according to the disclosed constitutions, the size of '^e slopes is a 
hal of the pixel therefore, all liquid c^stalline molecules faces the slopes are inclined, a 90od black 
riKn^av canTot be obtained This causes a reduction of contrast. Further, inclination angles of the 
slooes are sman becau^ four slopes are provided across each pixel. It is found that the gentle 

slopes cannS fully denne the orientation directions of the liquid crystalline molecules. In order to reahze 

sk^nes IMS necessao/ to increase a thickness of a structure having slopes. However when the 
SeLs'^of ihL stSe blomes large, charges accumulated on the structure becornes large. Th,s 
causes a phrnom^^^^^^ that the liquid Crystalline molecules do '^^"^^^"g^ '^^^ " 
voltage is applied due to the accumulated charges. This phenomenon is so-called a bum. 

AS described above, there are some problems to realize a division of orientation directions of the liquid 
crystalline molecules for improving the viewing angle performance in the VA LCD. 

the IPS mode or better than it while permitting the same contrast and operation speed as the, 
conventional liquid crystal displays. 

/>>According to an embodiment of the present invention, in the m^l^|n^|™^^ 

^ v«l^gnn^t film and adoptir^^ 

rigurmmrTnearrs -^rn-eintfgd^qr regulating the oiieiila ion "'^ajiquiJcQ^^sJa in^ q y 
molecules are a ligned obliquely when a voltage is applied so hat 't^^ "^'^"'^'^^^^^ the 
of directions within each pixel. The domain regulating means is P^^'^^^^^ °" ^^^^^^^^ 

substrates. Further, at leastoneofdor^ 

inclined surfacesjnclySiluHacesj^ 

perf ormed on the vertical alignment film. 

r In the VA LCD device when no voltage is applied, in almost all regions of the liquid crystal other than 

e.n.cePer com/e.np.cenet/de^C^LO-ui&CY-.b&DB-EPD.^:PMP-EP0g8^6^^^-PN ?n03/l 1/14 
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pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilled in the directions 
Cf the pre-tilted liquid c^stalline molecules. Even when rubbing ,s not earned out the d' ec'ions in 
which the liquid crystalline molecules lying in gaps between the protrusions can be restncted to the 
azimuths of the liquid crystalline molecules In contact with the surfaces of the protrusions. When a 
voltage is increased, the negative liquid crystalline molecules are tilted in directions vertical to the 
electric fields. 

AS mentioned above, the inclined surfaces fill the role of a trigger for determining azimuths in vvhich the 
Su^d crjstalline molecules are aligned with application of a voltage, 'ndined surf^^^^^^^ not 
have larqe area With small inclined surfaces, when no voltage is applied, he hquid crystalline 
molecu es in aPmos all the regions of the liquid-crystal layer except the inclined surfaces are ahgned 
vertically to the surfaces of the substates. This can result in a nearly perfect black display. Thus, a 
contrast can be raised. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 
Figs. 1A and 1B are diagrams for explaining a panel structure and an operational principle of a TN 
fS 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle 
in the TN LCD; 

Z4^^^^^:^Jel.^'^7^!^:£Ss^er. employed in studying viewing of a liquid 

crystal display as an example of the IPS LCD, ,oq t rr^- 

Fin S a diaaram showing a qray-scale reversal areas in tne IPb LUU, . I • 

Rgs SA and 6B are d?agrams showing examples of changes in display luminance levels of display in 

relation to the polar angle; . ^, .u ^ 

Figs 7A to 7C are diagrams for explaining a VA LCD and problems thereof, 

Fiqs 8A to 8C are diagrams for explaining rubbing treatment; 

FiQs' 9A to 9C are diagrams for explaining principles of the present inven ion. 

Figs 10A to IOC are diagrams for explaining determination of an onentation by protrusions, 

Fios iiAto,11C are diagrams showing examples of the protrusioris, 

F as 12A to 2C are diagrams showing ^v^Ip-'^ nf realizing the domain regujatinameans. ^ 

. F q 1 3 is a d ag rar^show ngovef^^ 

Figs 14A and 14B are diagrams showing the structure of a panel in accordance with a first 

F?°5 ^a^diagram showing the relationship between a pattern of protrusions and pixels in the first 

F?16 ^a^diagram showing the pattern of protrusions outside a display area of the first embodiment; 
Fin 17 i=; a sectional view of the LCD panel of the first embodiment; , r-r, r,,n<.i 

Rgs Isrand 18B are dragrams shovLg the position of a liquid-crystal injection port of the LCD panel 

°Flgl9 Is aXiramThowing contours of protrusions in a prototype of the first embodiment defined by 
e 2^S^2=diSLr iS^ cS r'rSonsrJpeed according to a change of 
^Frri^is^ragri'ndfS^^^^^^ - ^ - — — 

F^litTand 24B are diagrams showing changes in display luminance levels of the panel of the first 
f;^'25 r^diagram showing a viewing angle characteristic of the panel of the first embodiment having 

a phase-difference filnn; . i, .minanrp Ipvels of the panel of the first 

Figs. 26A to 26C are diagrams showing changes m display luminance levels or me p 

embodiment having a phase-difference film; ^i.-,^^ ^.^^r thn nrntrusions- 

liiiiiiSs^pssss 

^Fffs'llLrrgtm ihS^a f blacK display according to a change of 

^Frf3'2fsrrgtm iho*rg^::l;^Jn^^^^^ to a change of height of protrusions 

in the panel of the first embodiment; 

Wro-//17 e.P..-^n., r-om/..pacenet/de.c /LG=en&CY-ab&DB-CPD&PMP.-HP0RX^626ftPN ?n03/1 1 /M 
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Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 

Fig 34 is a diagram showing a pattern of protrusions of a third embodiment; 

Fig 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 

Fig. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 

Figs 37A and 37B are diagrams showing shapes of protrusions of a fourth embodiment; protrusions; 

Figs 38A and 38B are diagrams showing a structure of a panel of a fifth embodiment; 

Fig 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth embodiment; 

Fig. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connection of 

Fig^'41 is a diagram showing generations of domains in the panel of the fifth embodiment; 

Fiq 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Fig. 43 is a diagram showing generations of domains at corners of the protrusions and slits in the panel 

of the sixth embodiment; 

Fig 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 

Fig 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment; 

Fig 46 is a sectional view of the LCD panel of the sixth embodiment; 

Fiq 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment; 
Figs. 48A to. 48C are diagrams showing changes in display luminance levels of the panel of the sixth 

embodiment; , • , ■ ^ ^ • lu 

Figs. 49A and 49B are diagrams showing a modification of pattern of pixel electrodes of the sixth 

Fi^s°5oTrnd 50B are diagrams showing a pattern of pixel electrodes and a structure of a panel of the 

seventh embodiment; ^• 

Fig 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 

Fig 52 is a diagram showing a structure of a panel of an eighth embodiment; 

Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth 

embodiment; , ^ . ^. ... , 

Fig 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment. 

Fiq 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 

Fig 56 is a diagram showing a modification of pattern of protrusions of the ninth embodiment. 

Figs. 57A and 578 are diagrams for explaining influences of oblique electric fields at edges of an 

electrode;. . .■ . . 

Fig 58 is a diagram for explaining a problem occurred in a structure using zigzag protrusions; 
Fig! 59 is a diagram showing in enlarged form the neighborhood of a portion where a schtieren 
structure is observed; ^ ^ 

Fiq 60 is a diagram showing a region where response speed are reduced, 

Fiqs 61 A and 618 are sectional views of the portions where the response speed is reduced; . 
Figs! 62A and 62B are diagrams showing a fundamental arrangement of a protrusion with respect to an 
edge of pixel electrode in a tenth embodiment; 

Fig 63 is a diagram showing an arrangement of protrusions in the tenth embodiment; 

Fig 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 

Figs. 65A and 658 are diagrams for explaining a change in orientation direction by irradiation of 

ultraviolet light; ^ i. ' 1 

Fig. 66 is a diagram showing a modification of the tenth embodiment; h on «Hno of 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of 

nreslll^^^^^^^^ for explaining desirable arrangements of the depressions and an edge of the pixel 

FiS'egA and 69B are diagrams showing desirable arrangements of the protrusions and edges of the 
oixel electrode' 

Figs. 70A and VoB are diagrams showing a pattern of protrusions of a eleventh embodiment; 

Fig, 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel, 

Fig. 72 is a diagram showing shapes of the pixel electrodes and P^°'™f ^ .'^^'^^^^ 

Fig. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a 

twelfth embodiment; - , . * j ^ r>rr^tr. icj^nc of a 

Fig. 74 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a 

. twelfth embodiment; ^ ^^.^ ^. „t,„^:^«r.f- 

Fig 75 is a diagram showing a pattern of protrusions of a thirteenth embodiment, 
Figs. 76A and 76B are sectional views of the third embodiment; ^ structure of 

Figs. 77A and 778 are diagrams showing an operation of a storage capacitor (CS) and a structure OT 

FiS'78A and 78B are diagrams showing an arrangement of protrusions and CS electrodes of a 
fourteenth embodiment; 

iUu./^.2.u.uaccr..:LCorTi/or.naccnct/derc?Tn=en^rY=.h,^-pp=FPP^-PNP=EPnS84626^PN... 2003/11/14 
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Figs 79A and 79B are diagrams showing an arrangement of slits and CS electrodes of a modification 
Rgs^'rand^SOrare diagT^^^ showing an arrangement of protrusions and CS electrodes of an 

a°s%" A anfsi rare S^m's ^ °' ^-'-^^ °' ^ 

another modification of the fourteenth embodiment; 

Fiq 82 is a diagram showing a pattern of protrusions of the fifteenth embodirnent, ... 
Figs. 83A to 83D are diagrams for explaining alignment changes of the liquid crystalline molecules in 

Fig 's^fstdrgramThowing a viewing angle characteristic of the panel of the fifteenth embodiment; 
Figs 85A to 85D are diagrams showing changes of response times between gray-scale levels in the 
fifteenthembodiment, TN LCD, and other VA LCDs; . / , . , ^ „„Hifin=tinn nf thP 
Figs. 86A and 86B are diagrams showing an arrangement of protrusions of a modification of the 

Fr87isTd°agram showing an arrangement of protrusions of another modification of the fifteenth 

F?88 ra"dlagram showing an arrangement of protrusions of another modification of the fifteenth 

F?89 ra"diagram showing an arrangement of protrusions of another modification of the fifteenth 

Ftas°9oTand 90B are diagrams showing a structure of protrusions of a sixteenth embodiment; 
Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth ^-i^bodimen , 
Fiqs 92A and 928 are diagrams showing a structure of a panel of a seventeen h embodiment, 
Fig 93 is a diagram showing a structure of a panel of a eighteenth embodimen ; 
Fiq 94 is a diagram showing a structure of a panel of a nineteenth embodiment; 
Fia 95 is a diagram showing a structure of a panel of a twentieth embodiment; 
F g. 96 s a diagram showing a structure of a panel of a modification of the twentieth embodimenl; 
Fig. 97 is a diagram showing a structure of a panel of another modification of the twentieth 

F?98 ra"diagram showing a structure of a panel of another modification of the twentieth 

Fiqs°99Tand 998 are diagrams showing a structure of a panel of a 21st embodiment; 

Rgs: 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment 

Figs'TdlA and 101B are diagrams showing a structure of a panel of a 22nd embodiment; 

Fig 102 is a diagram showing a structure of a panel of a 23rd embodiment, 

F OS 103A and 1038 are diagrams showing a structure of a panel of a 24th embodiment. 

Rg 1^4 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is 

Fkfs'^IOSA and 105B are diagrams showing a structure of a panel of a 25th embodiment, 

Fig 106 is a digram showing a structure of a panel in which a relationship of response time with 

resnect to a aao length between protrusions is nneasured; , 

Rq lO/Ts a diagram showing the relationship of response time with respect to the gap length, 

pigs 108A an^108B are diagrams showing a relationship of a transmittance with respect to a gap 

ngr^graSgB are diagrams showing an operational principle of the 25th embodiment; 

Fin 1 in a diaoram showinq a structure of a pane! of a 26th embodiment, ^ , ^. 

Rg 1 ^ 1 Is a diagram fhowlng a viewing angle characteristic of the panel of the 26th embodiment; 

Fin 119 a diaoram showinq a pattern of protrusions of normal types; . . , 

R^: 113 Is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the 

S'l^^is a diagram showing a pattern of protrusions of a f f mbodiment. 

Fig. 115 is a diagram showing a relation between'an ^PPl's^„^°''^9^^„^"^ '^^^^ 

Fig. 116 Is a diagram showing a pattern of protrusions o a 28 h embod men . 

Fig. 1 17 is a diagram showing a pattern of protrusions of a 29th emb°di^^ 

Fig. 118 is a diagram showing a pixel structure of the 29th embodirnenL 

Fin iiq i<; a diaaram showing shapes of protrusions Of a 30th embodiment, 

Rg; 120 !n diagram showing a ch'ange of transmittance according to a change of height of 

RgMfis'a diagram showing a change of a contrast ratio according to a change of height of 

Rri2t is'a diagram showing a change of transmittance In white level according to a change of height 

°F!g'"23ta diagram showing a change of transmittance in blacK level according to a change of height 

of protrusions; 
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Figs. 124A and 124B are diagrams showing pixel structures of an modification of the 30th embodiment; 

Figs. 125A and 125B are diagrams showing shapes of protrusions of a 31st embodiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal 

layer in a panel of the VA LCD; 

Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a 
retardation of liquid crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal 
at respective wavelengths in the panel of the VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap beNveen protrusions at 
respective wavelengths in the pane! of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions 

at respective wavelengths in the panel of the VA LCD; 

Fig. 13-1 is a diagram showing a structure of a panel of a 32nd embodiment; 

Fig. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 

Fig. 133 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 

Figs. 134A and 134B are diagrams showing a pattern of protrusions of the 33rd embodiment; 

Fig. 135 is a diagram showing a structure of a panel of a 34th embodiment; 

Figs. 136A and 1368 are diagrams showing a pattern of protrusions of the 34th embodiment; 

Figs. 137A to 137D are diagrams showing a process for producing a TFT substrate of the 35th 

embodiment; 

Fig. 138 is a diagram showing a structure of a TFT substrate of the 35th embodiment; 

Figs. 139A to 139E are diagrams showing a process for producing a TFT substrate of the 36th 

embodiment; 

Figs. 140A and 1408 are diagrams for explaining a problem of dielectric substance on an electrode; 

Figs. 141 A and 141 B are diagrams showing a structure of protrusions of a 37th embodiment; 

Figs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th embodiment; 

Fig. 143 is a diagram showing a structure of protrusions of a 38th embodiment; 

Figs. 1 44A and 1 44B are diagrams showing a change of a shape of a protrusion due to baking; 

Figs. 145A to 145E are diagrams showing a change of the shape of the protrusion according to baking 

temperatures; 

Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width 
of the protrusion; 

Figs. 147A and 1478 are diagrams showing protrusions and a forming condition of the vertical 
alignment film; 

Figs. 148Ato 148C are diagrams showing an example of a method of forming protrusions according to 
a 39th embodiment; 

Figs. 149A and 148B are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Fig. 150 is a diagram showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Figs. 151 A and 151 B are diagrams showing changes of a repellent occurrence ratio according to the 
ultraviolet light irradiation; 

Figs. 1 52A to 1 52C are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Figs. 153A to 153C are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Figs. 1 54A and 1 548 are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Figs. 1 55A and 1 558 are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Fig. 156 is a diagram showing a temperature condition of the method shown in Figs. 155A and 155B; 
Figs. 157A to 157C are diagrams showing an another example of a method of forming protrusions 
according to the 39th embodiment; 

Fig. 1 58 is a diagram showing a structure of a panel of a prior art provided with black matrices; 

Fig. 159 is a diagram showing a structure of a panel of a 40th embodiment; 

Fig. 160 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Fig. 162 is a sectional view of a panel of the 41st embodiment; 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 
Fig. 164 is a diagram showing a structure of a prior art panel having spacers; 
Figs. 165A and 165B are diagrams showing structures of panels of a 43rd embodiment and an 
modification thereof; 

Figs. 166A and 166B are diagrams showing structures of panels of modifications of the 43rd 
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Fiq 167 is a diagram showing a structure of a panel of a modification of the 43rci embodiment; 

Fiqs 168A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Fig. 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap in 

Hg.T70 fs'^a^Sam showing a relationship between a scattered density of spacers and generations of 
blemishes when a force is applied to the panel; . . • , 

Figri yfATnd 171B are diagrams showing chemical formulas of crown added to protrusion materials 
so that the protrusions have ion absorption ability; ^ , 

Figs. 172A and 172B are diagrams showing chemical formulas of kryptand added to protrusion 
materials so that the protrusions have ion absorption ability; ^ 
Figs 173A and 173B are diagrams showing structures of CF substrates of a 45th embodiment and a 
modification thereof; 

Fia 174*is a diagram showing a structure of a panel ofa 46th embodiment. 

Rgs 1 75A and 1758 are diagrams showing structures of CF substrates of another modifications of the 

St ^1 "^eA^^an^^ are diagrams showing structures of CF substrates of another modifications of the 

77S" 77B are diagrams showing structures of CF substrates of another modifications of the 

pfg^ 1^78^5 a Tag ram showing a structure of a panel of an another modification of the 46th 

fS^^^'^A and 1 79B are diagrams showing structures of CF substrates of another modifications of the 

Rgt ^18oS 1 80B are diagrams showing structures of CF substrates of another modifications of the 

Ffgs.^1 8?a'{'(7'i^^^^^ are diagrams showing a process for forming protrusions on the CF substrate 
according to a 47th embodiment; 

iSr^rs^inl a ^^^^^^^^ces . .e CP su.st.a.e 

^F;^gT.l8lA'LVlT4Bte dlagrls showing a st.cture of a pane, ^^he 48,. e„ent.^ 
Figs. 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate 
according to a 49th embodinnent; 

Fin 186 is a diaaram showing a structure of a panel ofthe 49th embodiment, 

Fig. ll? !s a diagram showing a process for forming protrusions on the CF substrate according to a 

Figs.^188A'indT88B are diagrams showing a structure of a panel of the 50th embodiment; 

Fiq 189 is a diagram showing a structure of a CF substrate of a 51th embodiment, ...... 

Rgs TgOA and ?90B are diagrams showing structures of CF substrates of modifications of the 51th 

fI^'^IsTIs a 'diagram showing structures of CF substrates of modifications of the 51th embodiment; 
F^- 92 s a d a am showing structures of CF substrates of modifications °.f'i^^5 ']^ embodiment; 
Fig. 193 is a diagram showing a structure of a panel of an another modification of the 50th 

pl^^ig^]! a'diagram showing an example of a product employing the LCD in accordance with the 

present invention; ^ . . ■ -iqt- 

Fin iQS ic; 3 Hianramshowinq a structure ofthe product shown in Fig. 19/. . • 

pigs ?§6A and ?96B I^e diagrams showing examples of arrangements of the protrusions ,n the 

Fifl 97 is a flowchart showing a process of a panel according to the present invention; 

Fig. 198 is a fiowchart showing a process of forming tJrotrusions, 

Fig 199 is a diagram for explaining a process of forming protrusions pnnt'nS. 

F g 200 is a diagram showing the configuration °f ^ I'q^'^-^'Vstal '."J^=''°". ^PP^^^^^^ i„i..tion ports of 
Figs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports 

Figs': 202A and 202B are diagrams showing examples of the positions of liquid-crystal injection ports of 

Figs' 203A and 203B are diagrams showing examples of the positions of liquid-costal injection ports of 

*Fig.fo4 is'adlagram showing a structure of electrodes near the liquid-crystal Injection port in the panel 

°F!gs'205rto 205C aredlagrams for explaining a defect due to contamination by polyurethane resin 

Fig' 205 IS a'dia'^g'^am Showing a relationship beKveen a size of polyurethane resin particulate and a 
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Fi" al'tlfSam Showing a simulation result of a relationship between a display frequency and an 
fSI^ ^^S^ SSn Ssurof a discharge time at respective specir.c resistances; 
Fig. 209 is a diagram showing a simulation result of a discharge time at respective spedf.c resistances: 
Fig. 210 is a diagram showing a '-damental constitu«^^^^^^^^^ LCD, ^^^^ 

l]l rs I a Terin^- l^t ^^^^ Sray-sca.e relersal) o, the pnor art VA 

Ffg''213 is a diagram showing a fundamental constitution of the panel of according to the, present 

Fig 218 is a diagram showing a viewing angle charactenstic igray 

fI^Ii'S diagram showing a viewing angle characteristic {gray-scale reversal) of the 52nd 

F^raTis-a' diagram showing a — ^""^ " 

contrast can be obtained with respect to a '^^^ ^^^^^^ embodiment; 

embodiment; . r^hprarteristic (qrav-scaie reversal) of the 52rd 

Fig. 223 is a diagram showing a viewing angle charactensiic ^grdy 

embodiment; , , ig which a predetermined value of 

Fig. 224 is a diagram ^'-^'"S ^^{^'^'l^^^^^^ 

contrast can be obtained with respect to ^ 54th embodiment; 

Fig. 225 is a diagram showing a constitution o a pane °f f^^^^^^^^ predetermined value of 

with respect to a retardation in the 54th ^rnb°dirnent^ gray-scale reversal is generated 

Fig 228 is a diagram showing a change of a polar angle at wnicn no y y 

with respect to a retardation in '^e 54th embodu^en „ ymum condition regarding gray-scale 

Fia 229 is a diagram showing a change of an upper iirrin 10 1. >«= up 

embodiment; . ^h^rartPri-^Hr farav-scale reversal) of the 55th 

Fig. 231 is a diagram showing a viewing angle characteristic (gray sea 

embodiment; , , g 5gth embodiment; 

Fig. 232 is a diagram showing a ^^^^^^^ reversal) of the 56th 

Fig 233 is a diagram showing a viewing angle charactenstic ^gray 

?;^'23rira diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th 
embodiment; , . ^gig gt which a predetermined value of 

Fig. 235 is a diagram showing a ^^'^^'^^^l^ P .^J^^^^^^^^ 
contrast can be obtained with '^^^^""^^^JJ^^^^^^^^^ 

Fig. 236 is a diagram showing a reversal) of the 57th 

Fig. 237 is a diagram showing a viewing angle characterisuc vy y 

embodiment; . . r-hnrartpristic (arav-scale reversal) of the 57th 

Fig. 238 is a diagram showing a viewing angle characteristic ^gray 

embodiment; , ^. , ^ gt which a predetermined value of 

Fig. 239 is a diagram show ng a '^^^X frell^^tnl^^^^^^^ embodiment; 
contrast can be obtained with aspect to a retardation n m ^ 

Fig. 240 is a diagram showing a °J^Se° stic te"^^ reversal) of the 58th 

Fig. 241 Is a diagram showing a viewing angle characteristic ^gray 

embodiment; . . _har3rteristic (gray-scale reversal) of the 58th 

Fig. 242 is a diagram showing a viewing angle charactenstic igrcy 

embodiment; . , .,-,|„nshiD of a polar angle at which a predetermined value of 

Fig. 243 is a diagram =h°;^ "9 ^f^^^^^t^'g ^ tard^ in the 58th embodiment; 
contrast can be "bta'"^^ with re^ ^ ^g^^ embodiment; 

Fig. 244 is a diagram showing a constnuuuin-.i a p 
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Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th 
F?246"radiagram showing a viewing angle characteristic (gray-scale reversal) of the 59th 
Fr247"]s adiagrann showing a relationship of a polar angle at which a predetermined value of 

Figs'25?A to 251 D are diagrarr^s showing a process of a method of a panel of a modification in the 
fS ^252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the 
^Ffg" 25I ISVdlagramthowinTa pattern of protrusions of an another r^odlfication of the second 
lt°2TTsn6 254B are diagrams showing a pattern of protrusions and a sectional structure of the 
^Ffg" 255 l^rciefared^latramThol^Ing a distinctive portion of a modification of the tenth emt^odiment. 

-S^dlS'^^c-S^^ 

differences between the present invention and the pnor art. 

Figs. 1A and are diagrams for ex.aining th^^^^^^^^^^^^^ 

TN LCD. As shown in Figs. 1 A a"^.^^' ^" f J^Snment tnm^ p ^^ig^tation directions of the liquid 

formed on glass substrates^ Lfsuhstrates afe shif^e^^^^^ to each other, and a TN liquid crystal 

crystalline molecules on the two substrates f ^ smneu y liquid crystal, liquid 

is sandwiched between the transparent ' ^'^f of the orientation 

crystalline molecules In ^°"'^=L7»^ snment m^^^^^ the aligned 

defined by the alignment ^'"^ .^^^ '"^I'^^^S^ molecules are aligned while twisted 

defined by the alignment films. 

When light 10 that is not polarized falls on a 9-"^;:^^-^^"^,^^^^^^ 

through the sheet polarizer 11 becomes ''"f a;;'y.;P°'^^^^^ ''f ^^^^ jnd^^^^^ passed while twisted 
Next, as shown in Fig. 1B. when a voltage is aPPNe^ to [^^^^^^^^^^ 

the liquid crystalline molecules, the liquid ^n^^'^'^^.^^ton the orientation of 

on the surfaces of the alignment ^l^fo -" tCt^on d^ this state, the 

the liquid crystal remains '"^t^'^.^^^,;::^"^ '"^fi^Xe fpg^^^^^^^ llnlarly-polarized light Incident on 

liquid c^stalline molecules are f "'^'^ ^.P^tLTo^ The linearly-polarized light 

the liquid-crystal layer will therefore not t""^" 't^^^direc ion o^^^^^ ^^^^^ polarizer 

passing through the uppe.^^^^^^^^^^ ^9 ,3^, ,3 3^^,,, ,3 resumed. 

^fspLTis ~dToSL'^S^^^^^ to' the orientation control force. 

The technology of manufacturing the TN TFT ^C^- outsta« ^^^^-^'^^^^^^ the 
Contrast and color reproducibility P^°.y.'df^''y*^7.^Jrnar7ow viewing angle range. This poses a 
CRT. However, the TN LCD has a ^nt.ca^ drawback of a na diagrams for explaining this 

problem that the application of the ™ ^CD i^s iKi^ited^ Rg^^-^^ « ^. 2B shows a state of 

problem. Fig. 2A shows a state of '"^1'^^,^''=? f '"j^^^^^^^ and Fig. 2C shows a state of black display 
halftor^e display in which an ^ ^A, i'n the state In which no voltage is 



applied, liquid crystalline mo^cules a^,^f?"X.ted as shown in Fig. 1A. For convenience' sake, the 
DEG to 5 DEG ). In reality, the molecules are twisted ay how^^ ^^.^^^^ Moreover, 

molecules are Illustrated ''^^ '^'S.^'^- '"''^'^^'f'^' 't ip^^^^^^ liquid crystalline molecules 

as shown In Fig. 2C. in the state in which a vo,^^^ ^.^^^^.^^ ^^^.^^^^ 

Tola^^iSTg^hlrth^fore l^eln 'bTack^'t^'rofSd^ AUhis time, light obliquely incident on a screen 
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(panel) has the direction of polarization thereof twisted to some extent because it passes obliquely 
through the liquid crystalline molecules aligned in the vertical direction. The light is therefore seen 
halftone (gray) but not perfect black. As shown in Fig. 2B, in the state in which an intermediate voltage 
lower than the voltage applied in the state shown in Fig. 2C is applied, the liquid crystalline molecules 
near the alignment films are aligned in a horizontal direction but the liquid crystalline molecules in the 
middle parts of cells erect themselves halfway. The birefringent property of the liquid crystal is lost to 
some extent This causes a transmittance to deteriorate and brings about halftone (gray) display. 
However this refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident 
light is seen differently, that is. light is seen differently depending on whether it is seen from the left or 
right side of the drawing. As illustrated, the liquid crystalline molecules are aligned mutually parallel 
relative to light propagating from right below to left above. The liquid crystal hardly exerts a birefringent 
effect Therefore when the panel is seen from left, it is seen black. By contrast, the liquid crystalline 
molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
crystal exerts a great birefringent effect relative to incident light, and the incident light is twisted. This 
results in nearly white display. Thus, the most critical drawback of the TN LCD is that the display state 
varies depending on the viewing angle. 

In an effort to solve the above problem, Japanese Examined Patent Publication (Kokai) Nos. 53-48452 
and 1-120528 have proposed an LCD adopting a mode referred to as an IPS mode. Figs. 3Ato 3D are 
diagrams fdr explaining the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied, Fig. 38 
is a top view thereof with no voltage applied, Fig. 3C is a side view thereof with a voltage applied, and 
Fiq 3D is a top view with a voltage applied, in the IPS mode, as shown in Figs. 3A to 3D, slit-like 
electrodes 18 and 19 are formed in one substrate 17. and liquid crystalline molecules existent in a gap 
between the slit-Iike electrodes are driven with electric fields induced by a transverse electric wave. A 
material exhibiting positive dielectric anisotropy is used to make a liquid crystal 14. When no electric 
field is applied, an alignment film is rubbed in order to align the liquid crystalline molecules 
homogeneously so that the major axes of the liquid crystalline molecules will be nearly parallel to the 
longitudinal direction of the electrodes 18 and 19. In the illustrated example, the liquid crysta line 
molecules are homogeneously aligned with an azimuth of 15 DEG relative to the longitudinal direction 
of the slit-like electrodes in order to make a direction (direction of turn), to which the onentation of the 
liquid crystal is changed with application of a voltage, constant. In this state, when a voltage is applied 
to the slit-likfe electrodes, as shown in Fig. 3C. liquid crystalline molecules existent near the s it-like 
electrodes. change their onentation so that the major axes thereof will be turned 90 DEG relative to the 
longitudinal direction of the slit-like electrodes. However, since the other substrate 16 is oneritationaHy 
processed so that liquid crystalline molecules will be aligned with an azimuth of 15 DEG relative to the 
longitudinal direction of the slit-like electrodes, liquid crystalline molecules near the substrate 16 are 
aligned so that the major axes thereof will be nearly parallel to the longitudinal direction of the 
electrodes 18 and 19 The liquid crystalline molecules are therefore aligned while twisted from the 
upper substrate 16 to the lower substrate 17. In this kind of liquid crystal display, when the sheet 
polarizers 11 and 15 are placed on and under the substrates 16 and 17 respectively so that the axes of 
transmission thereof will be orthogonal to each other. When the axis of transmission of one sheet 
polarizer is made parallel to the major axes of the liquid crystalline molecules, black display can be 
attained with no voltage applied, and white display can be attained with a voltage applied. 

As mentioned above, the IPS mode is characterized in that the liquid crystalline molecules do not erect 
themselves but tumed in a transverse direction. In the TN mode or the like, when the liquid crystalline 
molecules erect themselves, the birefringent property of the liquid crystal varies ^^P^^^^f '^9 °^ ^ . 
direction of an viewing angle and a problem occurs. When the liquid crystalline nnolecules a e turned in 
the transverse direction, the birefringent property hardly vanes dependmg on a d.recUon.T^^^^ m 
very good viewing angle characteristics. However, the IPS mode has another problems One of the 
pro^blems is that a response speed is quite low. The reason why the response speed - iow t 
although a gap between electrodes in the normal TN mode in which liquid ^^^^^l^^^J^^^^^^ 
tumed is 5 micrometers, the gap in the IPS mode is 10 micrometers or ^^^^^ J^^^. ^.^^^^ 
be raised by narrowing the gap between the electrodes. However, since ^'^^f . ^^^^^^^^ 
polarities must be applied to the adjoining electrodes in the IPS mode when the gap ^e^^en the 
electrodes is narrowed, a short circuit occurs to bring about a display defect, ^or th^ reason, t^e gap 
between the electrodes cannot be narrowed very much. Besides, when the gap f^^^f^^^^.^^^'^ 
is narrowed, the ratio in area of the electrodes to display gets large. This poses a problem that a 
transmittance cannot be improved. 

As mentioned above the IPS mode suffers from slow switching. At present, when a motion P'cture 
fep^eseriun a fast motion is displayed, drawbacks including a drawback '^^^l^^^^^^^ 
place. In an actual panel, therefore, for improving the response speed, ^^^^^own in F gs^3B and 
the alianment film is not rubbed parallel to the electrodes but rubbed in a direction shifted by about 15 
dIg !^FoT'eL,z^ng^^^^^^^^ alignment, when an agent is merely applied to the alignment film, liquid 
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c^stanine .o.ecu.es are ^^^'^^SZ l^r^' 

direction. Rubb.ng is therefore earned out fo rubo ng in predetermined direction: When 

direction so that the ^l^^'^^^'y^'I^'^^ to 'the electrodes, liquid crystalline 

rubbing .s earned out '^e IPS mode if mbbm^^ ^^^^ ^^^^ ^.^^^ ^^^^ 

molecules near the center in the gap between '"^ annlication Rubbing is therefore, as 

application of a voltage and therefore f . "J^f ^^^^^ °?der to demolish right- 

shown in Figs. 3B and 3D, carr^d out ,n a d.reeton s^^^^^^^ ^^^^ ^^.^^^ ^.^^^ ^^^p^^^^ 

and-left uniformity. However, e^^n when the a reciion o ^ the TN mode, the response 

time permitted by the IPS "^"^^.'^^t^'f^ ""f^^^ ^.tTn th^dT^^^^^^ by about 15 DEG , a 

speed Is very low. Moreover, ^^en rubbing is ean-^d in .^^^ ^.^^^ 

iTir^G^a^^-^c^al^rTv^arocL^s' re"^^^^^^^^^^^ °f a viewing angle range. This problem 

will be described with reference to Figs. 4 to 6B. 

■ • , ^ofinitinn of a coordinate system employed In studying viewing of a liquid 
Fig. 4 is a diagram giving a definition = I , gnqle Sthetas; and azimuth phi are 

crystal display (of the IPS 'VP^ h^re^) .f^ 'e^ec 'odes IstndTr c^stalline molecule 4. 

defined In relation to substrates 16 17, electrodes ib^^^^^ panel conceming a viewing angle. 

Fig. 5 is a diagram showing a S^y-sca^ reverse ^haract^^^^^^^^ oj a p ^^^^^ ^ 

A gray scale from white to black is segmented into 8 gray scaie e 

scale reversal when a change in luminance 's examined ^yj^^'g^S^'^P"^^^ Figs. 6A and 

azimuth phi are shown in Fig. 5. In the drawing ^^^^.^l occurs ^ J°'^'-= "a^ gray-scale levels in relation 
6B are diagrams showing examples of changes m J^^'^dEG and 135 DEG causing reversal, 

to the polar angle ^'^etas; with the a.mu hs^f^^^^^^^^^^ ,.„3, ,,en 

White gray-scale reversal occurs at gray scaie leve ^ d=, &thetas;. Black gray-scale 

white luminance deteriorates with an '"creasing value of Po' ^^^ng e &th , J 
reversal occurs when black luminance '^icreases w^h an^^cr^as ng v P^ ^^.^^^^^ 

AS mentioned, the IPS mode has a P;°'i'^'" '^f 'ff^g^^^^^^ the IPS LCD than the TN 

[^D Xrin'^h^eTp'srot^fny^CeX^^^^ such as a transmittance, a response 

sSd and produclrvRy. is sacrificed for the viewing angle characteristic. 

AS mentioned above, the IPS mode that been propose^^^^^^^^ 
on the viewing angle charaetenstic of the TN mode ha^^^ 

the IPS mode other than the viewing a"3le characte istic are 1 diagrams for explaining the VA 

using a vertical alignment film has been Pr°P°=^^. ^ f ^^^^^^ m^terTal and vertical alignment film. As 
mode. The VA mode is a mode using a "fSaUve quid c^s ai m ^ ^^^.^^1 

shown in Fig. 7A. when no voltage is apphed, is applied, the 

direction and black display appears. As.shown n F g. ^C^^f ^^^^^^^ appears. A contrast in 

liquid crystalline molecules are aligned in ^ ho ^-on^^J^^^^^^^ ^„de. A response speed at black 

fe^'e'll^ :rhfghlVe'vrm'ode '^nL^Z^J.^^o. as a novel mode for a liquid costal 

display. 

However, the VA mode has the -n^e Problem as the TN n.de^ 

problem that the display state ^^ries depending on h^ viewing g ^^^^ 

VA mode, a voltage lower than a ^"l^'^S^, ° f.f q^Jd J an oblique direction. As illustrated, the 
Shown in Fig. 7B, liquid f-^stalline mo^cu es are gned^^ p^.^^^^ left above^ 

liquid cn/stalline molecules are aligned parallel to 1 ig n i prop y a because a birefringent 

The liquid costal is therefore seen black when ^'^^^^J^°3'^ he liquid crystalline molecules are aligned 
effect is hardly exerted on the left side thereoi By contrast, the >iq^ ry ^^^^^ ^ ^^^^^ birefringent 
vertically to light propagating from left ^elow to right above^ q y ^^^^^ ^^^^^^^ t 
effect relative to incident light, therefore, d'sp^y becorne^ nearly wn ^^^^^^^ 
the luminance varies depending the x^ewing ang^^^^^^ characteristic, because even 

the TN mode and is superior to the TN rnod^ ,n ^rm^^^ aHgnment film are aligned nearly 

^e^rticaTy.^w^evLr.Te'^e^X S S'^e-^a^J^s^'eriSr fo the ipl mode In terms of the viewing angle 
characteristic. 

,t is known that viewing angle Pe^ormance of a liqu^^^ SariinI mo.i-lel 'l^^^'" 

be improved by setting the o-ientation direction^^ crystalline 
plurality of mutually different directions^Gene ally, the o^^^^^^^ restncted by 

molecules (pre-tilt angles) which P c°ntaa with a^^^^^^ ^ ^^^^^^^^^ 3 processing 

the direction of a rubbing treatrnent ^PPl'^d to the angnment 

:i':Sir r^^otec^^s ar^J^^ientiTlT^^^^^^^^^ -erefore, viewing angle performance can 
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be improved by making the rubbing ^i-tion different njsidem^^^^^^^^^^ 

of making the rubbing di-ction d.fferent ,ns,de t^^^^^^^^^ .be'drawing). This 

22 is formed on a glass substrate 16 (whose ele^^^^^^ ^^^^^^^ ^^^^^.^^ 

alignment film 22 is then bought into contact with film 22 and a predetermined 

treatment In one direction. Next, a P'^°'°-^fX™rfohr Afa rLuU ^ photo-resist 
pattern is exposed and ^^e-loped by photo^^^^^^^^ ^2 is brought into 

which IS patterned IS f°;"^f-f ..^^^""^^Jt"^ f.^q™ direcUon to the above so that only the 

contact with a rubbing roll 201 '^a' '"^"^ i^nluralitv of regions that are subjected to the 
open.portions of the pattern are the orientation directions of the 

rubbing treatment in different d'^ec '0"s are "^^^^^^^^^ J",f^^XJ^g treatment can be done in ' 
"^il^f^^e^ZS^e^^f^S^e:^^ is rotated r^elative to the rubbing roll 201 . 

re^^S^rmVgeslr^^^^^^^^ 



occur. 



convex pattern. 

Figs. 9A to 9C are diagrams for explaining the princip^s ^l^^^l;^^::^:!^' 
present invention, as shown ,n ^'9=. 9A to 9C m the VA rnod^ regulating 
alignment film and adopting a negative ''^^'^ ^\f^' ? ''^^ crystalline molecules 

means is included for regulating he or.enta on °f ^.X^^^^jt^ ^dude a plurality of 

are aligned obliquely when a vo tage .s applied so thaUhe^^^^^ ^ electrodes 12 on an 

^urpersulstL't^^Tetlillad an"d aSoda,L°d'^^^^^^^^ an efectrodi 13 on a lower substrate is 

provided with protrusions (projections) 20. 

AS Shown i'n Fig. 9A, in a state in which no ^^l^-Sdi'^Je^S 

vertically.to the surfaces of the ^^bstrates _When an nter^^^^^^^^ ^ electrodes 

9B. electric fields oblique to the surf^^^f,°' '^^^f^nemS the protrusions 20 slightly tilt 

(edges of the electrodes). Moreover, liqu d ci^sta ne ^'^.^'^'^^^^^^^^ the protrusions and the 

relative to their state attained with no voltage app^ecT The >^ ,1,,^^ The 

oblique electric fields determine the directions in '^^'f .."f^^^^^^^^^^^ pigne defined by each pair of 
orle'ntatlon of the liquid crystal is divided into ^f^^^^" mp t^^^ f-m immediately 

protrusions 20 and the center of each slit. At ''^'s '"^f the liquid crystalline molecules 
below to immediately above is affected by ^.^^l^^^'^f "^^^^^^^^^ display of gray 

are slightly tilting. Consequently, the transmission °f '9^ is suppr^^^^^^^^ region of the liquid 

appears. Light transmitted from ngh ^bove to lett below is hardj^/^ r^^ is^ite readily transmitted 

cfystal in which liquid costal ine molecules are t m^^^^^ ^^^^^^ ^ _ ^3,^^,3 

by a region thereof in f '^^^^^-^ ^^^^^^^^^^ contributes to gray display due 

display of gray appears^Light ^'^^^^^tn^ooB^sous display can be attained in all azimuths, 
to the same principles. Corisequent^y homogeneo^^^^^^ ciystalline molecules become nearly 
Furthermore, when a PLe.='e™^fJ° 'X apSrs T in%ll slates of black display, halftone 

- ^ ^^^-'-^ ^-^'^ 

NOW, Figs. lOAand 10B are <^-^^' ^t:^^^?^;^^:^^ 

^nlSs^rJle^lTct^^^^^^^^^^ 

will be discussed. 

protrusions are formed alternately on the electrodes 12 ^^^c. |^3. -d coj^^^^^^^^^ 
films 22. A liquid crystal employed is of a "^Qa^ve type. As sh^^^^^ . j„ 

applied, the vertical alignment films 22 cause '^^^^^"'"^^X 'erfor^e^^^^^ the vertical alignment films, 
surfaces of the substrates. In this case, ''"''^ "9 ne^f ""^^gl^^ S'v" ° 'he inclined surfaces of the 
Liquid crystalline molecules near '^e protrusions 20 try to al^^^^^^^ However, when no 

protrusions. The liQ^'^'.^^^f ' ,7,";°^3="^^^ the protrusions, liquid c^stalline 

Fig. 9A. excellent black display can appear. 
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When a voltage is applied, the distribution of electric potentials in the liquid-crystal layer is as shown in 
Fig 10B In the regions of'the liquid-crystal layer without the protrusions, the distribution is parallel to 
the substrates (electric fields are vertical to the substrates). However, the distribution is inclined near 
the protrusions. When a voltage is applied, as shown in Figs. 7B and 7D. the liquid crystalline 
molecules tilt according to an electric field strength. Since the electric fields are vertical to the 
substrates when a direction of tilt is not deHned by carrying out rubbing, the azinnuth m which the liquid 
crystalline molecules tilt due to the electric fields includes all directions of 360 DEG . If there are pre- 
tilted liquid crystalline molecules as shown in Fig. 10A. surrounding liquid crystalline molecules are 
tilted in the directions of the pre-tilted liquid crystalline molecules. Even when rubbing is not carried out, 
the directions in which the liquid crystalline molecules lying in gaps between the protrusions can be 
restricted to the azimuths of the liquid crystalline molecules in contact with the surfaces of the 
protrusions As shown in Fig. 10B. the electric fields near the protrusions are inclined in directions m 
which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions 
correspond to the directions in which the liquid crystalline molecules are pre-tilted because of the 
protrusions Thus the liquid crystalline molecules are aligned on a stabler basis. The slope of the 
protrusions and the electric fields in the proximity of the Inclined surfaces of the protrusions contribute 
to stable alignment. Furthermore, when a higher voltage is applied, the liquid crystalline molecules 
become negrly parallel to the substrates. 

As mentioned above the protrusions fill the role of a trigger for determining azimuths In which the liquid 
crystalline molecules are aligned with application of a voltage. The protrusions need not have inclined 
surfaces (slopes) of large area. For example, the inclined surfaces over the whole pixel are 
unnecessary. However. If the size of the Inclined surfaces is too small, the effect of the slope and 
electric field are not available. Therefore, the width of the inclined surfaces are required to be 
determined according to the materials and shape of the protrusions. Because a good result is obtained 
when the width of the protrusions is 5 mu m. This means that when the width of the protrusions is larger 
than 5 mu m a good result can be certainly obtained. With small Inclined surfaces, when no voltage is 
applied the liquid crystalline molecules in almost all the regions of the liquid-crystal layer except the 
protrusions are aligned vertically to the surfaces of the substrates. This results in nearly perfect black 
display. ThUjS. a contrast ratio can be Improved. 

When the. sections of the protrusions are rectangular, the side surfaces are almost vertical to the 
substrates. These side surfaces also operate as the domain regulating means. Therefore, the surfaces 
vertical to the substrates are included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means^ Fig. 
11 shows the orientation direction when protrusions are used as the domain regulating nieans. Fig. 11 A 
shows a bank having tv/o slopes and the liquid crystalline molecules are J^^^^ ^'^^f 

different from each other at an angle of 1 80 degrees with the bank being the boundary. Rg^ 1 1 B shows 
a pyramid and the liquid crystalline molecules are oriented in four directions difrerent from one another 
at an angle of 90 degrees with the apex of the pyramid being the boundary. Fig. 1 1 C shows a 
hemisphere and the onentation of the liquid crystalline molecules assumes symmetry of otat.on with 
the axis of the hemisphere perpendicular to the substrate being the center. In the ^^f ^ F.g_ 1 1 C the 
display state becomes the same for all the viewing angles. However it cannot be said that a larger 
number of domains or directions Is better. When the relationship to the dir-ection of po anzat.on offered 
by a sheet polarizer is taken into account, if the oblique orientation of the liquid crystal becorries 
rotatlonallv svmmethcal there arises a problem that light use efficiency detenorates. This is because 
when dom^^^^^^^ are defined uninterruptedly and radially, liquid crystalline molecules 

^ing along a transmission axis and absorption axis of the sheet polarizer work '"f '^f;^^^^^ 
crvstaliine molecules Ivinq in directions of 45 DEG with respect to the axes work most efficiently. For 
the S usfe^clency . the directions Included In the oblique onent^^^^^^^^ ^^Son 
are main^ four directions or less. When there are four direc^ons. they should P/fj^ ^ ' ^ 
in which light components to be projected on the display surface of the 'j^^'^^^.^f^^' ^^g^^^^^S 
with azimuths mutually different In increments of 90 DEG . In this case, the ^at<o in number o liquid 
crystalline molecules aligned in directions in which light cornponents to ^l ll^^^^'^l ^^^^^ ^en Out of 
surface propagate with azimuth mutually different by 180 DEG should P^^f.^^^ ^^^^^^^^^^ 
two sets of liquid crystalline molecules aligned in the directions m which the ^ ^°^P°'^^^^^ 
oroiected on the display surface propagate with azimuths mutually different by 180 DEG . the rat o n 
K rTbefof ali?^^^^ c^stallin'e molecules of one set Is nearly even, wh'le the ra^ m number of 
alianed liauld cn/stalline molecules of the other set is uneven. The set of aligned '■q'^'^..^^.^*^'""^^,,. ^ 
macule's o?S^^^ In number Is nearly even Is a majonty ^^-^'^^^^^^^ 
molecules of which ratio in number Is uneven may be neglig.b e. In other words ^/;harac^^^^^^ 
analogous to that exhibited when two domains are defined in 1 80 DEG different directions can be 
realized. 
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,n Fi.s. 9A to 9C. for reaHzing tHe « --^^^^^ IfproS wi^me 

are slitted and associated w,th P''<^ .^'^^"^ ''^^.^If '°2a to 12^^ are diagrams showing examples of 
protrusions 20. Any other means will ^'s" ;° example of realizing it by devising the 

realizing the domain regulating means. Fig. shows an example ^ surfaces of the 

J ..^ ^ hnth substrates or one of the substrates are slitted. The 
In Fig. 12A, ITO electrodes 41 and 42 on ^^^^f^^^^^ g^d a negative liquid crystal is sealed 
surfaces of the substrates ^'^1°';^^^''%^^^^^^^ vertically to the surfaces of the 

in. When no voltage '^appl'ed Ik,u d c^^^^^^^^^^^ generated obliquely to the surfaces of the 

substrates. When a '°^^^^.ZT^ te l^^^^ the oblique electric fields, the directions in 

substrates near the slits (edges) °' J^^^^ The orientation of the liquid crystal is 

si:: fh^s^eriqutsSefeTor^fe fefS^o^Iran^ oblique electric r.eld technique. 
,n Fig. 12B, protrusions 20 are 'o-d °^both th^^^^^^^^^^^^^^ 

surfaces of the substrates are Processed aligned vertically to the surfaces of 

in. When no voltage is applied, the '.'^^'d crys^J^^^ "^^^^^ however, the liquid crystalline 

the substrates in principles. On the inclined ^^rfaces of the pro talline molecules are 

molecules are aligned at a little tilt. When . '! JP^^f ^^^^^^ with low dielectric constant is 

aligned in the directions of tilt. Moreover -J^^^^" ^^^^^^^ ^^.^ fs\^^^^^ close to the slate attained by the 
used to form the protrusions, the electnc fields 'n^e ^ ^. ^ ^y the structure having the 
:rJrdlLi;[Sre s^abfe.l^rfen^ -hnique shall be referred to 

as a both-side protrusion technique. 

Fig. 12C shWs an example of combining the techniques shown in Figs. 12A and 12B. The description 

will be onaitted. 

Three examples of realizing the domain regulating n.ean^^ .^^^^^^^^^^^^ 

modifications can be devised. For example, '^^^^ portions otm^ surfaces. Instead of making the 
12A may be dented, and the dents rriay P^^^'^^f ^^^^'us^ons m^^^^ be formed on the substrates, and 
protrusions in Fig. 12B using an the electrodes having the 

ITO electrodes may be formed on the subst^^^^^^^^^^ crystal, 
protrusions may be realized. Even th s structure can reguia^ described domain 

Moreover, dents may be substituted P,^°'LX"ates Wh^ regulating means are formed 

regulating means may be f"™.^'^ °" ^^^^^ be employed. Moreover, although the 

- S^nl or S^shoulS ^^^^'S^^h^^^ ^"^^^'^"^ 
having vertical surfaces can also exert an effect of a certain level. 

. =H Hnrinn black display parts of the liquid crystal lying in the gaps 
When the protrusions are formed, ^"'l^S.^^^.^^^Pg^^^^ through parts thereof near the protrusions, 
betv/een the protrusions are seen '''fj^^^; ''"',^9^*^^ indiscernible by naked eyes. The whole 

This kind of partial difference in P m^^^^ '^",3^^ display deteriorates a bit. whereby 

-de^°' ^ ''''''' °' ^'^'"^ 

contrast can be further innproved. 

When a domain regulating means is ^orrr^^^^^^^^^^ S 'cLt °^ 
slits can be formed like a unidirectional latbce w th a Predejerrn p ^^.^^ ^^^^ mten/als of a 
when the protrusions, dents, or shts are Moreover, when the protrusions, 

SLnt,rsra?e^^:rcat;7o'n^rth^=at^ P^Jeferably L arranged to be offset by a half 

pitch. 

,n the constitution disclosed in Japanese Unexam, a -^^^^'^^^^^^^^^^^^ 

apertures (slits) are provided on only "^^'^"T'fj^'l^^nt invention, the size of domain areas can be 
cannot be too small. Contrarily. f ^^^^^^^ provided on both of the pixel electrode 
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response speed can be improved, 
squares of the two-dimensional lattice. 

in any case, it is required that orientation division occurs within each pixel. The pitch of the protrusions, 
dents, or slits must be smaller than that of pixels. 

u * •r.ir.o tho nhpmrtpristics of an LCD in which the present invention is implemented 
The results of examining the ^^fT^^^J^^^^^^^^ excellent and equal to or greater than those of 

demonstrate that a viewing ^^^^^^^'^^^^^^^^ its front side, the viewing 

not only a TN LCD but also an IPS _Even when the^^^^ ^^^^ 

angle characteristic is quite excellent, and t^^^^^j'^^^f ° \^^o % the one offered by the IPS 
off'ered by the TN LCD), t^^^^^^^^^^^ t:^nsmirnce offered' by the 

LCD is 20 %, and the one offered by the P^^^^".^ J^^f ^Dut higher than the one offered by the 
\^t;^r^^:;::^^ rts°a"^Sy 'iSe?;™ .^.^se^otrrby me Cher modes For 
IPb LUU. A response ^.P«^^ ^^^^i^^ arp concerned a TN LCD panel exhibits an on speed (for 

JTde and is a speed causing no problerr. in display of a nnolion picture. 

Furthermore, in the .ode of the present 1—". wh- ^^^e^^ti^^^^^^^^s 
achieved. When a voltage '^^PP ed pro rusions^den s^o^ 

in which liquid c^stallme molecules til . Unl'ke the ordma^ TN onK^ m y 
carried out. In the process of manufacturing a Pf"^^.^;^^''^^'"^,^^^^^^ running 
largest amount of refuse. After the imperfect alignment. By 

coS/aS to th'e;re=^ tfn^^^theTub&p is unnecessary, the step of cleaning 

substrates is unnecessary. 

provided with a plurality of scan bus ^"^^^.3™^^ TFTs 33 and cell electrodes 13 

32 formed parallel to one another ^s^ica ly to the scan bus ines, a^^^ ^^^^^^^ 
formed like a matrix at intersections between '^e scan bus lin^^^^^^^ between the two 

substrates are processed for f ^L^^' ^^^^^-I^X a^ 

substrates. The glass substrate 16 is referred to as^a 4 jf^^ details of the TFT LCD will 

v/ill be described. 

Figs. 14A and 14B are cil^Qrams showing ^^^^^ ^f.-stXT^^^^ the 
embodiment of the present invention. Fig. 14A is ^ °'°9ram m , diagram showing the 

panel is seen obliquely, and Fig. 148 >s a '^f P^f^'^st Imbodir^en 16 is a diagram 

relationship between a pattern of pr°\^".^'°"/.^"^, ^'^^^^ ' '"J,^^^ panel of the first 

fmtdTmr"dFlg^TiraTe^ 

AS Shown in Fig. 17, a black matrix layer 34^ ^" Providi^^^ | — , 

electrode, and protrusions 20 parallel to one ^"°;^,fjr''^^,^"^^e^Vo nim and protrusions are coated 
surface of a side of a CF substrate 16 f.f^='"9 ^ 'X'^^^^jf ! ^ Jt*^^^^^^^ gate bus lines, CS 

with a vertical alignment film that is ^ '^f ^ui- <3ate electra g a pro^Mng 

electrodes 35, insulating films 40 and "I, Jch' among them are formed on 

pixel electrodes, and Pr°trusions para lei to one another wi^^^^^^ substrate Is further coated 

the surface of a side of a TFT substrate 17 ^^='"9 he h^^^^^ the figure. Reference 

r^,e^:rs^^i^liTdtora=c^er d^r ^f^^ P--ions 20A and aOB 

are made of a TFT flattening material (positive resist). 

AS Shown in Fig. 14A. the pattern of the protrusions 20A and 208 is a pattern of parallel protrusions 
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extending s.raightly and a-nged w.. an^^^^^^^^^ 

Sc'on ^rRg^^rmel^nttironS" is d^ivided into two directions to thus divide 

each domain into two regions. 

13B. 

fh^ niv^K nA and 13B three protrusions 20A are lying and four protrusions 20B are lying. 
In each of the pixels ^3A and dipper side of the panel and the protrusions 

and second regions are defined. 

TF/substrate are bonded to each ot.er, ^^^^^^^^^^^.^-^ l^^ZlZliS.ce 
Cne anoLr on a cyclic basis. Reference numeral 101 denotes a seaimg l,ne. 

During injection of a liquid c^sta,. when the interior of the pane, is ' °' 

^re?hluK'.°s sh'o^u^l^-^stC^^^^^^^ opVsiti to the side on 

which the injection port is located. 

Fig. 19 Shows contours of protrusions in a prototype defined by perf^^^^^^^^ 

type coating thickness meter. As "'^strated the gap beKveen th^ 20B 
the substrates is restricted to 3.5 ^/J"^^"^^^ and lower protrusions 

formed on the same ITO electrodes is 35 micrometers. 

embodiment in relation to cl^a^g^.^ P| ^-^^^ s tha^ are an^^^^^^ (forlansition from 0 to 5 V). Rg. 

between upper and lower protrusions. F,g. 20A 'ndica^es an °" ^P^^" ^ g switching speed that is 

20B indicates an off speed ('or tranfon f^om 5 to 0 V , ^"^^^,9^2 indjca^^ ^^^^^^ ^^^^^^^^^ 

a sum of the on speed and off sP^ed. As sho^^^n in higs^ /^^^ . ^ response 

on the spacing but a rise time on ^^"es great y^ The smalle t^^^^^^^^ a^^ ^^^^^ 

speed becomes, 'ncidentaliy, the th.ckne^^^^^ ,^.^,^^3, is 

rm^atfhrs?acr5?s j:.?^^^^^^^^^^ s^'^ 
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been actually confirmed that as far as the spacing is about 100 times larger than the thickness of cells, 
liquid crystalline molecules are aligned properly. 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For example, 
when the spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, 
the response speed for transition between 0 and 5 V, that is. the on time on is 9 ms, the off time off is 6 
ms, and the switching speed 15 ms. Thus, very fast switching can be achieved. 

Figs. 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first 
embodiment. Fig. 22 two-dimensiona|ly shows a change in contrast dependent on a viewing angle, and 
Figs. 23A to 24B show changes in display luminance levels corresponding to 8 gray-scale levels in 
relation to viewing angles. Fig. 23A shows a change occurring at an azimuth of 90 DEG , Fig. 23B 
shows a change occurring at an azimuth of 45 DEG , and Fig. 23C shows a change occurring at an 
azimuth of 0 DEG . Fig. 24A shows a change occurring at an azimuth of -45 DEG . and Fig. 24B shows 
a change occurring at an azimuth of -90 DEG . Hatched parts of Fig. 22 indicate areas in which a 
contrast is 10 or less, and double-hatched parts thereof indicate areas in which the contrast is 5 or less. 
As illustrated, a generally good characteristic is exhibited. However, since each pixel is divided 
vertically into' two region, the characteristic is not a perfectly laterally and vertically uniform 
characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction 
is smaller than that in the vertical direction. However, as shown in Fig. 23C, gray-scale reversal of black 
occurs at a viewing angle of about 30 DEG . Sheet polarizers are bonded in such a way that the 
absorption axes thereof will lie at 45 DEG and 135 DEG respectively with respect to an optical axis. 
The viewing angle characteristic to be exhibited when the panel is viev;ed in an oblique direction is very 
good. The characteristics offered by this embodiment are overwhelmingly superior to those offered by 
the TN mode. However, this embodiment is slightly inferior to the IPS mode in terms of viewing angle 
characteristic. However, once one phase-difference film or optical compensation film is placed on the 
panel of the first embodiment, the viewing angle characteristic of the panel can be improved so greatly 
that it ovenA/helms the one offered by the IPS mode. Figs. 25 to 26C are diagrams showing a viewing 
angle characteristic to be exhibited by the panel of the first embodiment having the phase-difference 
film, and correspond to Figs. 22 to 23C. As illustrated, deterioration of contrast depending on a viewing 
angle has ^een drastically overcome. Moreover, gray-scaie reversal occurring in a lateral direction on 
the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction during 
white display. However, generally, gray-scale reversal in white display is hardly visible to human eyes 
and is therefore not counted as a problem in terms of display quality. Thus, once the phase-difference 
film is employed, better characteristics than those offered by the IPS mode can be exhibited in all 
aspects including a viewing angle characteristic, response speed, and manufacturing difficulty. 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the 
first embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, 
when the panel is displayed in black, light leaks out near the protrusions. Fig. 27 is a diagram for 
explaining occurrence of light leakage near the protrusions. As illustrated, tight incident vertically on 
portions of the electrodes 1 3 on the lower substrate on which the protrusions 20 are formed is 
transmitted to some extent because liquid crystalline molecules are as illustrated aligned obliquely 
along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast, liquid 
crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light 
therefore leaks out near the apices. The same applies to the electrode 12 on the upper substrate. 
During black display, near the protrusions, halftone display and black display are earned out partially. 
This partial difference in display is microscopic and discernible to naked eyes. The whole display 
exhibits averaged display intensity. The black display deteriorates a bit, whereby contrast deteriorates. 
The protrusions are therefore made of a material not allowing passage of visible light, namely, made of 
material shielding visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusions are made of a material shielding visible light, contrast can be further improved. 

A change in response speed occurring when the spacing between protrusions is varied has been 
described in conjunction with Figs. 20A to 21. A change in characteristic deriving from a change in 
height of protrusions was measured. The width of a photo-resist to be applied for realizing protrusions 
and the spacing between protrusions were 7.5 micrometers and 15 micrometers respectively and the 
thickness of cells was approximately 3.5 micrometers. The height of the resist was set to 1 .537 mu m. 
1 600 mu m 2 3099 mu m. and 2.4486 mu m. The transmittance and contrast ratio of a prototype were 
measured The results of the measurement are shown in Figs. 28 and 29. A change in transmittance 
dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is app led) is 
shown in Fig 30 A change in transmittance dependent on the height of the protrusions (resist) 
occurring in a black state (when no voltage is applied) is shown in Fig. 31. A change in contrast ratio 
dependent on the height of the protrusions (resist) is shown in Fig. 32. The higher the resist is. the 
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higher the transmiUance in the white state (when a voltage is applied) ''e^^^,^' ^fjis is Presumab^^ 
atrributable to the fact that the protrusions (resist) filling a supplen^entary role for ''^ "9 '^^f 
molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
^ecthcal effects The transmittance (light leakage) in the black state (when no voltage is app led) 
frlcri^es wUhtTnc^^^^^^^^^^ height of'the resist. This causes black levels to fall arid ,s thereto^ r,ot 
very preferable The causes of light leakage will be descnbed in conjunction with Fig 27. Liquid 
c^^allfne mofecules lying immediately above the protrusions (resist) and in the spacings between the 
Sus ons arfaligned v^r^^al^ to the surfaces of the substrates. Light leakage does not occur in 
these placerHowever, liquid crystalline molecules lying on the slopes of the protrusions are aligned 
slightly oblfquely. As the protrusions get higher, the area of the slopes increases and a light leakage 
increases. 

The contrast (white luminance level / black luminance level) decreases as the resist gets higher. 
However even when the height of the resist is increased to have the same value as the m^^^^^^^ of 
cells screen display can be achieved without any problem. In this case, as described later, the 
protrusions (resist) can be designed to fill the role of panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 15 were produced using TFT 
_, 3-,d CF substrates having protrusions of 0.7 micrometers. 1.1 micrometers, 1.5 

micror^etLf and 2 0 micro^^^^ in height. The trend revealed by the results of the experiment was 
^so observed in the actually-produced liquid crystal panels. For actual viewing, because the contrast 
has been original Y high deteriorations in contrast occurring in the panels produced under he different 
cond^'ons were of a good level. Thus, satisfacto^ display was achieved This is presumably because 
me panels originally permitted high contrasts and a little decrease in contrast was indiscernible to 
human eyes Moreover, a panel including protrusions of 0.7 micrometers high was Produced in an 
effort to detect the lower limit of the height of the protrusions working on molecular alignment. Display 
was perfects no^^^ Consequently, even when the height of the protrusions (resist) ,s as smal as 07 
Sm^e^or leTs the protmsions can satisfactorily work on alignment of liquid c^stalline molecules. 

Fia 33 is a diaoram showing a pattern of protrusions in the second embodiment. As shown in 
fn mffi St eSment protrusLs are linear and extending in a direction vertica to the longer sides of 
pixels, in thTsecond embodiment, protrusions are extending in a direc'.on ver^cal to he^^ sides 
of pixels 9- The other components of the second embodiment are identical to those of the first 



embodiment. 



Figs. 252A and ^526 show a mo« 

^rg^rnflnThfs-l'S disposed on the Lc.ode 12 on the side of the 

^rte^rdir^^c-s^^^^^^^^^^^ 

side of he TFT substrate 17. Therefore, the liquid crystal is oriented in two directions inside each pixel 
reLonse sLed becomes lower than in the second embodiment but the production process becomes 

more improved. 

,„ Ihe «,st ,nd ..oond .mt,«!im.„B. „™.,ou= IM.., proju ji™ 

http./A2.L..a.u.ct.com/aopac3rtct/d..r9y r,=.n,^rY=phfenp=FPD&PNP=EP0884626&PN-. 2003/1 1/14 



occurs. For this reason, orientation division should preferably be division of the orientation into four 
directions. 

Fig. 34 is a diagram showing a pattern of protrusions in the third embodinnent. As shown in Fig. 34, in 
the third embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions 
extending sideways are created within each pixel 9. Herein, the pattern of protrusions extending 
lengthwise is created in the upper half of one pixel, and the pattern of protrusions extending sideways 
is created in the iower half thereof. In this case, the pattern of protrusions extending lengthwise divides 
the orientation of the liquid crystal sideways into azimuths that are mutually different by 1 80 DEG , that 
is, divides each pixel or domain sideways into two regions. The pattern of protrusions extending 
sideways divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different 
by 180 DEG , that is, divides each pixel or domain lengthwise into two regions. Consequently, the 
orientation of the liquid crystal within one pixel 9 is divided into four directions. Talking of the whole 
liquid crystal panel, the viewing angle characteristics thereof relative to both the vertical direction and 
lateral direction are improved. In the third embodiment, the components other than the pattern of 
protrusions are identical to those of the first embodiment. 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This 
modification is different from the third embodiment shown in Fig. 34 in a point that a pattern of 
protrusions extending lengthwise is created in the left-half of each pixel, and a pattern of protrusions 
extending sideways is created in the right half thereof. Even in this case, like the patterns of protrusions 
shown in Fig. 34, the orientation of the liquid crystal is divided into four directions within each pixel 9. 
The viewing angie characteristics of the panel relative to both the vertical direction and lateral direction 
are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation 
division As shown in Fig. 36, the alignment of liquid crystalline molecules near the apices of the 
protrusions is not regulated at all. Near the apices of the protrusions, the alignment of liquid crystalline 
molecules is therefore not controlled to deteriorate.display quality. The fourth embodiment is an 
example for solving this kind of problem. 

Figs 37A'and 37B are diagrams showing the shapes of protrusions in the fourth embodiment. The 
other components are identical to those of the first to third embodiments. !n the fourth embodiment, as 
shown in Fig 37A the protrusions 20 are partly tapered. The length of the taper portions is about 50 
micrometers or less than it. For creating a pattern of this kind of protrusions, the pattern is drawn using 
a positive resist, and the protrusions and taper portions are created by performing slight etching. With 
the thus created protrusions, the alignment of liquid crystalline molecules near the apices of the 
protrusions can be controlled. 

Moreover in a modification of the fourth embodiment, as shown in Fig. 37B. tapered juts 46 are formed 
on each protrusion 20. Even in this case, the length of each tapered portion is about 50 micrometers or 
less than it For creating a pattern of this kind of protrusions, the pattern is drawn using a positive resist, 
and the protrusions 20 are created by performing slight etching. A positive resist whose thickness is 
about a half of the height of the protrusions is applied, and the tapered juts 46 on the protrusions 2 are 
left intact by performing slight etching. With the juts, the alignment of liquid crystalline molecules near 
the apices of the juts can be controlled. 

Figs 38A and 38B are diagrams showing the structure of a panel in the fifth embodiment. Fig. 38A is a 
diagram illustratively showing a state in which the panel is seen obliquely, and Fjg- 38B is a side view. 
The fifth embodiment is an example in which the structure of a panel corresponds to the structure 
shown in Fig 12C. The protrusions 2aA are created as illustrated on the electrode 12 {herein a 
common electrode) formed on the surface of one substrate by applying a positive resist, the shts 
21 are created in the electrodes 13 (herein, cell (pixel) electrodes) formed on the surface of the other 
substrate. 

Cost serves as an important factor for determining whether a liquid crystal display ^^""f^f^^.^!^^^^^^^ 
commercially successful or not. The liquid crystal display device of the VA system and P^^icu^^^^^ 
VA system equipped with a domain regulating means features a high display quality as ^^scnD^° 
above but becomes expensive due to the provision of the domain regulating means and. hence, it nas 
been desired to further decrease the cost. 

When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light 
thrbugh a pattern followed by developing and etching, requiring an increased number of steps ana 
increased cost deteriorating the yield. On the other hand, the pixel electrode must be formed by 
patterning, and the number of the steps does not increase despite a pixel electrode having a slit is 
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on'^he sidrof the TfV substrate is formed by a slit in the pixel electrode and the domain 
Jugulating rrleans on the side of the color filter substrate is formed by a protrus.on, dnving up the cost 
little. 

Fio 39 is a diaqram showing a pattern of slits of each pixel electrode in a modification of the fifth 
embodimenf This modifrcatton corresponds to an example in which the protrusions 20B are replaced 

with the.slits 21 in the third embodiment. 

■ f^rr^oH in thP niypi electrode to divide it into a plurality of partial electrodes, the same 
"^^"i ^ I nt m ?s?braoDried^^ and eleciric connection portions must be 

ZiLSTpSir^stmpa Lg cM.aot.ristic, lumin.no. of ir>. p.«l and ™pon.. 

speed. 

defined by BM and light passes through the inside of the openings. 

,„p.,p„..d OP a. bus Im.s. and ighl ™" 5""»"f,"„^Sr^^^^^ cha,.ae,i.lio. 

serious degree. 

™e pan.1 ol Ih. Mh embodim.pl I, of a l,p. 1p "«* '"f ' "'St™^^^^^ 

b, lb. cop..pliop.l P»d... *• SSnd emSodimeals. Far .x.mpl.. ia lb. 

SbiirrKniaXTa^dTa-^arJ^^^^ S". -P — " 



omitted. 



For the reference, the measurement results of an -mpje In whic^^^^^ (P'-') 

electrode and no slit is provided on .thf,=°""'th ^MhP tl its arl d^^^^^^^ O^i^S '° ^^'^ 

electrodes have the slits, and the width and pitch of the ^ ^ J"!,*^ ™^||° ^ e aligned in all azimuths 
constitution, stable alignment is attained that is, ''^"'^^^^^.^'^"^g^ne^ liquid c^stalline 

of 360 DEG inside walls defined with "^'i^ji^^^'^f ^^^^f,'^^^^ Region The viewing angle' 

-^^^s^ofiS^^^^^^^^ 
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response speed has not been improved very much. This means that no problem occurs in displaying a 
still image but the response speed is not high enough to display a motion picture like the one offered by 
the IPS mode If a number of the slits is decreased, the response speed is further decreased. This is 
presumably that when the number of the slits is decreased, the area of each domain becomes large, 
and it lengthens a time in which all liquid crystalline molecules are onented. 

In the fifth embodiment, when a voltage is applied, the liquid crystal has portions, in which molecular 
alignment is unstable. The reason will be described with reference to Figs. 40 and 41. Fig. 40 is a 
diagram illustrating the distribution of orientation of liquid crystalline molecules in the electnc connection 
portions In a portion where the protrusion 20A and the slit 21 are provided in parallel, the liquid, 
crystalline molecules are oriented in a direction perpendicular to the direction in which the protrusion 
and the slit extend as viewed from the upper side. In the electnc connection- portion, however, the liquid 
crystalline molecules 14a are oriented in different directions, developing abnormal onentation. 
Therefore as shown in Fig. 41, liquid crystalline molecules in the spaces between the protrusions 20A 
and the slits 21 of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to 
the protrusions 20A and slits 21 . Near the apices of the protrusions and the centers of the slits, liquid 
crystalline molecules are aligned in a horizontal direction but not in the vertical direction. Oblique 
electric fields induced by the slopes of the protrusions or the slits enable control of the liquid crystal in 
the vertical direction in the drawing but cannot enable control in the lateral direction. For this reason, a 
random domain is produced sideways near the apices of the protrusions and the centers of the slits. 
This has been confirmed through microscopic observation. A domain near the apex of a protrusion is 
too small to be discerned, causing no problem. However, an area occupied by a domain having liquid 
crystalline molecules aligned sideways and lying near a slit is so large as to be discerried even by 
naked eyes When the domain is produced regularly, even if the domain is large, it will not be cared. 
However when the domain is produced at random, an image is seen irregular. This leads to 
deteriorated display quality. The panel in the fifth embodiment makes a little poor impression on image 
quality compared with the one provided by the first embodiment, though display has no problem. 

Abnormal orientation causes the luminance of the panel and the response speed to decrease. For 
example a comparison of a practical device in which an electric connection portion is formed at the 
central portion of the pixel electrode with a practical device in which a protrusion is provided, indicates 
abnormal conditions such as a drop in the luminance and a residual image in which white appears 
bright for a moment when black changes into white. In the sixth embodiment, this problem is solved. 

A panel of the sixth embodiment is provided by modifying the shape of the protrusions 20A and that of 
the slits 21 in the cell electrodes 13 in the panel of the fifth embodiment. Fig 42 is a diagranri showing 
the shape of the protrusions 20A of the sixth embodiment and that of the cell electrodes 1 3 thereof 
which are seen in a direction vertical to the panel. As illustrated, the protrusions 20A are zigzagged. 
Owing to this shape, as shown in Fig. 43, a domain divided regularly into four regions is produced. 
Consequently, irregular display that poses a problem in the fifth embodiment can be overcome. 

Fiq 44 is a plan view of a pixel portion in the LCD according to a sixth embodiment of the present 
invention Fig 45 is a diagram illustrating a pattern of a pixel electrode according to the sixth 
embodiment, and Fig. 46 is a sectional view of a portion indicated by A-B in Fig. 44. 

Referrinq to Fiqs 44 and 46. in the LCD of the sixth embodiment, on one glass substrate 16 are formed 

a b Satrix (B^^^^^^ shielding light and a color decomposition filter (color filter) 39 and a cornmon 

elS^I 2 is foTr^ed on one surface' thereof. Moreover, sequences of protrusions 20A are formed in a 

z ig zLg manrler. The glass substrate 16 on which the color filter 39 is ^^^^^..f/^f '^^^n^bus I n^^^ 31 

substrate fCF substrate) On the other glass substrate 17 are formed a plurality of scan bus hnes 31 

a range^^^ in paral^ a ^ of data bus lines 32 arranged in parallel in a ^'^-^^^'oM^ 

the scan bus lines TFTs 33 arranged like a matrix to correspond to the intersecting P^'f^t^ 

busTnTs and the data bus lines, a'nd display pixel (cell) electrodes 13. The scan bus lines 3 form gate 

electrodes of the TFTs 33. and the data bus lines 32 form drain electrodes ^2 of -I^^^^^^^ ^jth 

sources 41 are formed in the same layers as the data bus lines 32 and are /'^^^^^ 3 ' 

the formation of the drain electrodes. A gate-insulating film, an amorphous ^^^J^^^^^f^^^^ 

channel protection film are formed on predetermined portions between the scan bus ''"^ f l and the 

data bus line 32, an insulating film is formed on the layer of the data ^^^%32 a"d b^^ 

film corresponding to the pixel electrode 1 3 is formed thereon^ The pixel elect ode 1 3 is ^ r^^*^^^^^ 

shape of 13 as shown in Fig. 45, and has a plurality of slits 21 in a direction ilted by f deg'-e^^^^^^ 

respect to the sides thereof. In order to stabilize the potential o ^^^^7, P'ff ' ^'^^^[f^^. furthermore. 

CS electrode 35 is provided to form a storage capacitor. The glass substrate 17 is called TFT 

substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates 



11 M ' 3^ 64 M 



are arranged being deviated by one-half pitch of their arrangement, so that the substrates nnaintain an 
inverse relationship. The protrusions and the slits nnaintain a positional relationship as shown in Fig. 
12C. and the orientation of the liquid crystals is divided into four directions. As described above, the 
pixel electrode 13 is formed by forming an ITO film, applying a photoresist thereon, exposing it to light 
through a pattern of electrode, followed by developing and etching. Therefore, the slit can be formed 
through the same step as the conventional step if the patterning is so effected as to remove the portion 
of the slit, without driving up the cost. 

Upon forming the slits in the pixel electrode 13, the pixel electrode 13 is divided into a plurality of partial 
electrodes. Here, however, a signal of the same voltage must be applied to the partial electrodes and, 
hence, the partial electrodes must be electricaiiy connected together. According to this embodiment as 
shown in Fig! 45. therefore, the pixel electrode 13 is not completely divided by slits, but the electrode is 
left at the perimetric portions 131, 132, 133 of the pixel electrode 13 to form electric connection, 
portions. As described above, the alignments of the molecules are disturbed near the electric 
connection portions. Therefore, according to this embodiment as shown in Fig. 10, the electric 
connection portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 
to obtain luminance and response speed comparable with those of when protrusions are formed on 
both of them. In this embodiment in which the CS electrode 35 having light-shielding property is 
provided at the central portion of the pixel, the pixel is divided into upper and lower two portions. 
Reference numeral 34A denotes an opening of the upper side defined by BM, and 348 denotes an 
opening of the lower side defined by BM, and light passes through the inside of the openings. 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth 
embodiment. As illustrated, the viewing angle characteristic is excellent and irregular display is 
overcome. Moreover, a response speed is as high as a switching speed is 17.7 ms. Thus, very fast 
switching can be achieved. 

Figs. 49A and 49B illustrate another example of the pattern of the pixel electrode, wherein the BM 34 
shown in Fig. 49B is formed on the pixel electrode 13 shown in Fig. 49A. The pattern of the pixel 
electrode can be modified in a variety of ways. For example, electric connection portions may be 
formed in the perimeter on both sides of the slit to decrease the resistance between the partial 
electrodes.. > 

In the fifth'and sixth embodiments, slits can be provided in the place of the protrusions on the counter 
electrode 12. Namely, both of the domain regulating means are realized by the slits. However, in this 
constitution, the response speed is decreased. 

In the sixth embodiment, the electric connection portions are formed in the same layer as the partial 
electrodes. The electric connection portions, however, may be formed in a separate layer. A seventh 
embodiment deals with this case. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to 
the seventh embodiment. The seventh embodiment is the same as the sixth embodiment except that 
the connection electrode 134 is formed simultaneously with the formation of the data bus line 32, and a 
contact hole is formed in the insulating layer 135 to connect the partial electrode 13 to the connection 
electrode 134. In this embodiment, the connection electrode 134 is formed simultaneously with the data 
bus line 32. However, the connection electrode, 134 may be formed simultaneously with the gate bus 
line 31 or the CS electrode 35. The connection electrode may be formed separately from the formation 
of the bus line. In this case, however, a step must be newly provided for forming the connection 
electrode, i.e., a new step must be added. In order to simplify the steps, it is desired to form the 
connection electrode simultaneously with the formation of the bus line or the CS electrode. 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal orientation 
is more separated away from the liquid crystal layer than that of the sixth embodiment, making it 
possible to further decrease abnormal orientation. When the connection electrode is formed of a light- 
shielding material, such a portion is shielded from light, and the quality of display is further improved. 

Fig. 51 is a plan view of a pixel portion according to a eighth embodiment, and Fig. 52 is a sectional 
view of a portion A-B in Fig. 51. The eighth embodiment is the same as the sixth embodiment except 
that a protrusion 20C is formed in the slit of the pixel electrode 1 3. Both the slit of the electrode and the 
insulating protrusion formed on the electrode define the orientation region of the liquid cr/stals. When 
the protrusion 20C is formed in the slit 21 as in this embodiment, the directions of orientation of the 
liquid crystals due to the slit 21 and the protrusion 20C are in agreement, the protrusion 20C assisting 
the division of orientation by the slit 21, to improve stability. Therefore, the orientation is more stabilized 
and the response speed is more increased than those of the first embodiment. Referring to Fig. 52, the 
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protrusion 20C is formed by laminatmg the layers that are formed when the CS electrode 35, gate bus 

line 31 and data bus line 32 are formed. 

upon the photolithography method. In Fig. 53C a gate ^''^S ■ channel protection Film 314 is 
and a channel protection film are , ^'f "k s^^^^^^^ 53E, a metal film 321 

left in a self-aligned manner by '° ' nrL drai^^^ fn Fr53F, a^ource electrode 4 1 . 

is formed for forming the acUayer and the °--^-^^^y3^ J,^,,, Xt this moment, the metal 
and a dram electrode ^2 are fomed rel^^^^^^^^ protrusion 20C on the inside of the slit. In Fig. 53G. a . 
film is left even a' a position corresponding to the p^^^^^^^ ^^^^^^ electrode 41 and 

rh^e^Srefe^rod^^.Tn^-Flg-^fsi: an?TO 3^1 i^ In Fig. 53, a pixel electrode 13 is formed by 

the photolithography method. Slits are formed at this moment. 

formed by one layer or by a combination of two layers. 

Fig. 54 is a diagram showing the shape o^Ue proU^s,^^^^^^^^^ 

are seen in a direction vertical to 'he panel J g^55,^^a^^^^^^^ P p^^^.^^^ 

portions of the ninth 2^^^^^ of the Hrst embodiment like those in the one of 

by zigzagging the protrusions 20A ana 20B in he zigzagged so that an orientation 

the sixth embodiment. AS '"^s'^,^'^.^/ f^^^^^^^ can be attained The directions of the surfaces of 

causing each domain to be divided into four regions can oe aua ^ Since liquid 

each protrusion reaching and receding from a are mutually^^^^^^ protrusion, an orientation 

crystalline molecules are aligned in a f'^^^'ZZZlnbe Zl^^^^^ panel in which a 

causing each domain to be d^'ded into fou regions can be t^ed^^^ protrusions 20A are 
thickness of the liquid crystal layer is ^-.1,,^" ^' ""if 20B are respectively 5 mu m 
respectively 10 mu m and 4 mu m. a width and height of the pro r^^^^^^^^ ^^.^^^ 

and 1.2 mu m, a gap between the pixel (pixel arrangement 

demonstrate that the orientation divided vertica^y an^ LtheT FurtTier mey are changed according to 
Salfof^re^r^sr Te^aralgnrn^^i-^T^^^^^^^^^^^^ of the liquid c.sta, layer 



and so forth. 



,n the panel in the ninth embodiment, the direction of tl. <i:^^--t!^^I^^X^' 
to include four directions. Regions A, B, C, and D ^ 9./''' a^ ^ . „f the regions within one 
c,7stalline molecules therein will be aligned 'n/^^ and is located in the same way 

pixel is uneven. This is because the pat ern °f P~'™^'°"\'™ a pitch of arrayed pixels. In 

in all pixels, and a pitch of repeated ftterns o protrusions is matched^^^^ p y ^^^^^ 

reality, the viewing angle characteristic shown in ^ 9. ^7 to 48Uj^^^^^^ gjgtg ,5 not very preferable, 
uneven ratio of regions ^esuUing from orientation div^^^^^ ^-j, p,,, of 

The pattern of protrusions shown in Fig. ^4 is merefore tor^^^ ^5 
pixels ignored. The width of a resist is 7 r^^^^^^^'^^i^f '"^^ of cells is 3.5 micrometers, 

micrometers, the height of the resist .s 1.1 ^^^^^^^^^ crystal display of size 15 

Using a TFT substrate and CF substrate -j^f ^''"9 '"l^if lines and data bus lines, 

was produced as a prototype. Some resist hnes 'n'^J^^^^^''^^ '^'^^^^^ ,he resist was increased to be 
Nevertheless, generally good display ^PP^f'^^fJ .i^^fJ^^tnoreased to 30 micrometers, nearly the same 
15 micrometers and the interval behveen r^^'^' ''"^f^^^f the pitch of repeated patterns 
results were obtained. Consequently when the width °/ P;"';'^^^^"^^ ^^^^^^ is drawn with the 
are made much smaller than the p^ch of pixels f^^" ' i°e^'°he freedom in design expands, 

dimensions of a pixel ignored, 90od display can a«a^ed. Bes d^ ^^^^^^^ protrusions or 

For completely Preventing mterfe ence w h bus hn^^^^^^ pitch of pixels. Likewise, a cycle of 

JoTurs'rstt rgrdTn^nSSL^nTa?^!^ of pixe^ and should preferably be set to an 
integral submultiple or multiple of the pitch of pixels. 
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In the ninth embodiment, when a pattern of protrusions that is discontinuous like the one shown in Fig. 
56 is adopted, the ratio of regions within one pixel in which liquid crystalline molecules are aligned in 
four different directions is even. There is still no particular problem in manufacturing. However, since 
the pattern of protrusions is discontinuous, the orientation of the liquid crystal is disordered at the edges 
of patterns. This leads to deteriorated display quality such as light leakage. Even from this viewpoint, 
preferably, the pitch of repeated patterns of protrusions should be matched with the pitch of arrayed 
pixels, and a continuous pattern of protrusions should be adopted. 

In the ninth embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the 
electrodes 12, 13 as the domain regulating means and the protrusions regulate the alignment direction 
of the liquid crystalline molecules. As described above, the slits provided on the electrodes generate 
oblique electric fields, at the edges thereof, and the oblique electric fields operate as the domain 
regulating means. The edges of the cell (pixel) electrodes also generate oblique electric field. 
Therefore, the oblique electric field must be considered as the domain regulating means. 

Figs. 57A and 57B are diagrams for explaining this phenomenon and shows the case of the vertical 
orientation somewhat inclined from the vertical direction. As shown in Fig. 57A, each liquid crystal , 
particle 14 is oriented substantially vertically when no voltage is applied thereto. Upon application of a 
voltage between electrodes 12 and 13, however, an electric field is generated in vertical direction in the 
electrodes 12 and 13 in the region other than the perimeter of the electrode 13, so that the liquid 
crystalline molecules 14 are tilted in the direction perpendicular to the electric field. One electrode is a 
common electrode, and the other electrode is a display pixel electrode separated into each display 
pixel. Therefore, as shown in Fig. 57B, the direction of the electric field 8 is inclined at its perimetric 
edge (edge). The liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric 
field 8. The direction of inclination of the liquid crystal, therefore, is different between the central portion 
and the edge of the pixel as shown. This phenomenon is called "reverse tilt". A reverse tilt causes a 
schlieren structure to be formed in the display pixel area and thus deteriorates the display quality. 

The reverse tilt also occurs in the case where the domain regulating means is used. Fig. 58 is a 
diagram showing a portion 41 where the schlieren structure can be observed in a configuration formed 
with the zigzag protrusion pattern of the ninth embodiment. Fig. 59 is a diagram showing in enlarged 
form the neighborhood of the portion 41 where a schlieren structure is observed and also shows the 
direction in which the liquid crystalline molecules 14 are tilted upon application of a voltage thereto. In 
this case, protrusions of different materials are formed on the pixel electrode substrate formed with a 
TFT and on the opposed substrate formed with a common electrode. A vertical alignment film is 
printed, and the device is assembled without being rubbed. The cell thickness is 3.5 mu m. The portion 
41 where the schlieren structure is observed is where the direction in which the liquid crystalline 
molecules are fallen by the orientation regulation force due to the diagonal electric field is considerably 
different from the direction of orientation regulation due to the protrusions. This reduces the contrast 
and the response rate, thereby leading to a deteriorated display quality. 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in 
the ninth embodiment is driven, the display is darkened in a part of the display pixels, or a phenomenon 
called an after-image in which a somewhat previous display appears remaining occurs in the display of 
an animation or cursor relocation. Fig. 60 is a diagram showing a region appearing black in the pixel on 
the liquid crystal panel configured in the ninth embodiment. In this region, the change in orientation is 
found to be very slow upon application of a voltage. 

Fig. 61A is a sectional view taken in line A-A' in Fig. 60, Fig. 61B is a sectional view taken in line B-B'. 
As shown in Fig. 60. the section A-A' has a region looking black in the neighborhood of the left edge, 
while the neighborhood of the right edge lacks a region appearing black. In correspondence with this, 
as shown in Fig. 61A, the direction in which the liquid crystalline molecules are tilted by the orientation 
regulation force due to the diagonal electric field is considerably different from the direction of 
orientation regulation due to the protrusions in the neighborhood of the left edge, while the direction in 
which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal 
electric field comparatively coincides with the direction of orientation regulation due to the protrusions in 
the neighborhood of the right edge. In similar fashion, a region looking black is present in the 
neighborhood of the right edge but absent in the neighborhood of the left edge. In correspondence with 
this, as shown in Fig. 61 B, the direction in which the liquid crystalline molecules are tilted by the 
orientation regulation force due to the diagonal electric field is considerably different from the direction 
of orientation regulation due to the protrusions in the neighborhood of the right edge, while the direction 
in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal 
electric field comparatively coincides with the direction of orientation regulation due to the protrusions in 
the neighborhood of the left edge. 
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As described above, the deterioration of the display quality is attributable to the portion where me 
d^ectior. in which the liquid crystalline molecules are tilted by the ^^9" '° ''^ 

diagonal electric field at an edge of the display pixel electrode is considerably different from the 
orientation regulation force due to the protrusions upon application of a voltage thereto. 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is 
driven me dtplLy quality is seen to deteriorate in the neighborhood of the bus ne (gate bus hne or 
data bus line) in the pixe . This is due to the undesirable minute region (domain) formed in the 
ne ghborhood of the bus line and the resulting disturbance of liquid crystal orientation and.reduced 
response rate. The problem thus is posed of a reduc 
color characteristic in half tone. 

Fiqs 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth 
embodfr^ent A pixel functions within the range defined by a cell electrode 13. which win be called a 
d^play regbn and the remaining part a non-display region. Normally, a bus line and a TFT are 
a ranged fn a non-display region. A bus line made of a metal material has a masking characteristic but 
a TFT transmits light. AS a result, a masking member called a black matnx (BM) is inserted between a 
TFT, a eel! electrode and a bus line. 

Accordinq to the tenth embodiment, a protrusion 20A is arranged in the non-display region on a 
Accoraing ^ ^/^^ ^^'V'' c;,,h<^ rate 16 so as to qenerate an orientation regulation force tn a 
Son d ffe en? fromthe Sat on rest' ct^n forc'e exerted due to a diagonal electric field generated 
b^an edge of the cell electrode 13. Fig. 62A, shows the state where no voltage is applied Jn this state, 
hquid cStan ne molecules 14 are oriented substantially perpendicular to the surfaces of the electrodes 
2 S the protrusion 20A due to the vertical orientation process. Upon application of a voltage 
thereto as shown in Fig 628, the liquid crystalline molecules 14 are onented in the direction 
perpendfcular to ?he electric field 8. In the non-display region lacking the cell electrode 13, Ihe electric 
filld ts formed diagonally from the neighborhood of an edge of the cell electrode 1 3 toward he non- 
dfSay re^on. This diagonal electric field tends to orient the liquid =7fJ '"^„"L°'!-<rf^^,^^^4", 
direction different from the orientation in the display region as shown in Fig. 57B. The orientation 
Sa^on Srce of the protrusion 42, however, orients the liquid o^stalline molecules 14 ,n the same 
direction as in the display region, as shown in Fig. 62A. 

Fio 63 is a diaaram showing a protrusion arrangement pattern in a liquid crystal display device of the 
tenth er^bodiment F^ 64 is a diagram showing, in enlarged form, the portion defined by a circle .n F,g. 
63 in the ter^rembodiment, a new protrusion 52 is formed in the vicinity of the portion where a 
shiieren structure is observed. This protrusion 52 is connected to and integrally formed with a 
orSon arranqement 20A formed on the common electrode 12. The relation shown m Figs. 62A and 
62bTs ealfzS aUh^^ formed with the protrusion 52, where the orientation of the liquid 

c^stall ne motcu el 14 at an edge of the cell electrode coincides with the orientation ,n the display 
S as shown in f4 64. Therefore, the schlieren structure that has been observed in Fig. 58 cannot 
be observed in Fig. 64 for an improve display quality. 

Fig 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel 
electrode 13. In this modification, no shlieren structure is obsen/ed. 

depression, however, is required to be formed on the TFT substrate. 
Any non-display domain regulating means which ^1^^"^^;^°^^^^^ 

possible to realize a non-display region domain regulating means by changing the direction or 
orientation in a part of the non-display region. 

Figs. 65A and 65B are diagrar^s ^°-P«-^^^^^^ a 

direction at an angle of, say, 45 DEG as shown 
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in Fig 65B Then, the direction of orientation of the liquid crystalline molecules 1 4 is knowr. to tilt 
toward the direction in which the ultraviolet light is irradiated. 

16 or on both '"^^JFT substrate ana^^^^^ between the degree of the orientation 

';^^i:^^:^^l^^^^^^ons and the orientation regulation force due to the 

diagonaJ electric field. 

applicable to various systems including the VA system. 

NOW, desirable arrangements of the protrusions and d^^f w^l^brdescXd 'pigl's^^ are 22 

regulating means, -^ f^'^^^^^^^^^^^^ protrusions 
diagrams showing fundamental relative Positions protrusions 20B are arranged at the edges 

acting as domain regulating ^^^^^^^^^^ ?he cor^mon electrode 12 opposed to the 

of the cell electrode 1 3, or a protrusion 20A is ^rrangea on protrusion 20A on the 



region. 



in Figs. 67A and 67B, the protrusions are --^ed at the edges of t^ teZ'nVn^e liq^cTstal 
relation thereto, and the region where (he P™'[^^7"^^««f '^^^^^^^ region, 
Lt'iore^KleSn^n ?^^Sa; ^^T^lf^^^^. a stable o^enUon is 

secured in the display region and the display quality is improved. 

According to the conditions for arrangement f-^^ ^^^^^^l^^T^^^^Z^^ 
l^^^^^^^'l^^i^ Sra^sUle ol^'^la^ca^n be obtained without 

developing any domain. 

edges of the cell electrode 13. 

Figs. 69A and 69B are diagrams showing an arrangement a ^^^^^^^ '^.T^te^J^r'^^"' 
constituting a domain regulating means on a LCD ^^al zing the condmo^^ t- g ^.^^ ^-^^^ 

embodiment. Fig. 69A is a top plan l^'S^^^^^d/'S^^^^^ is 7 mu m and the inter- 
69A and 69B, the protrusion height is about 2 mu ^e p™rus^^^ w protrusions of the 

protrusion interval is 40 mu m. After tv.o '^^.'^^^ f^^"fi;^?,^° ^^fof th^ substrate. In order to 
TFT substrate are arranged in a staggered fashion with l^e protrus ons of the ^ ^^^^^^ ,^6 
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be arranged either on the TFT substrate 1 7 or on the CF substrate 16. Considering the displacement of 
the substrates attached to each other, however, the protrusions are desirably formed at the edges of 
the cell electrodes 13 on the TFT substrate 17. 

Figs 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another 
protrusion pattern for a LCD according to a eleventh embodiment satisfying the conditions of Fig. 67C. 
Fig 70A is a top plan view and Fig. 70B is a sectional view. As shown, a checkered gnd of protrusions 
is arranged between the cell electrodes 13, and protrusions similar in shape to the above-mentioned 
protrusion pattern are formed sequentially inward of each pixel. By use of this protrusion pattern, the 
orientation in each pixel can be divided into four directions, but not in equal proportion. Also in this 
case, the checkered protrusion pattern is arranged on the gate bus line 31 and the data bus line 32 
beUveen the cell electrodes 13. ■ - • 

Also in Figs 70A and 708, the conditions of Figs. 67A and 67B are satisfied if the protrusions 20B 
otherwise interposed between the cell electrodes 13 are arranged at a portion in opposed relation to an 
edge of the cell electrode 1 3 of the TFT substrate 1 7 or an edge of the CF substrate. In this case. too. 
the protrusions are preferably formed at the edges of the cell electrode 13 on the TFT substrate 17. 

In the example shown in Figs. 70A and 70B. protrusions are formed in rectangular grid similar to the 
rectangular'ceil electrodes. Since the protrusions are rectangular, however, an equal proportion cannot 
be secured for all the directions of orientation, in view of this, a protrusion arrangement bent in zigzag 
shown in the ninth embodiment is conceived. As described with reference to Figs. 58 and 60, however, 
an undesirable domain is generated in the neighborhood of. the edges of the cell electrode 13 unless 
protrusions are formed as shown in Fig. 63. For this reason, independent protrusions for different 
pixels not a continuous arrangement of protrusions as shown in Fig. 71 , is the next subject of 
discussion In the case where the protrusions 20A and 20B are formed as shown in Fig. 71, however, 
an abnormal orientation occurs at the portion indicated by T of the pixel 13, with the result that the 
difference in distance from an electric field controller (TF) 33 poses the problem of a reduced response 
rate With the protrusion arrangement bent in zigzag in a rectangular pixel, it is impossible to satisfy the 
conditions for arrangement of the protrusions in relation to all the edges of the cell electrode shown in 
Figs. 67A to 67C. A twelfth embodiment is intended to solve this problem. 

Fig 72 is a diagram showing the shapes of the cell electrode 13, the gate bus line 31, the data bus line 
32 the TFT 33 and the protrusions 20A. 20B according to the t^velfth embodiment. As shown, in the 
twelfth embodiment, the cell electrode 13 has a shape similar to the bent form of the zigzag protrusions 
20A 208 This shape prevents the occurrence of an abnormal orientation, and the equal distance from 
the TFT 33 to the end of the cell electrode 13 can improve the response rate. According to the twelfth 
embodiment, the gate bus line 31 is also bent in zigzag in conformance with the shape of the cell 
electrode 13. 

As far as the protrusions arranged on the gate bus line 31 are formed on the portions in opposed 
relation to the edges of the cell electrode 13 or the edges of the CF substrate, the conditions of Figs. 
67A and 67B are satisfied. In this case, too, the protrusions are desirably formed at the edges of the 
cell electrode 13 on the TFT substrate. 

Nevertheless the conditions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus 
line 31 but not for the edges parallel to the data bus line 32. As a result, the latter portion is exposed to 
the effect of the diagonal electric field, thereby posing the problem described above with reference to 
Figs. 57A to 60. 

Fig. 73 is a diagram showing the shapes of the cell electrode 1 3 the gate bus line 31 the data bus line 
32 the TFT 33 and the protrusions 20A, 208 according to a modification of the twelfth embodiment. 
Unlike in the twelfth embodiment of Fig. 72 in which the gate bus line 31 is shaped in zigzag in 
conformance with the shape of the cell electrode 1 3. the cell electrode 1 3 is shaped as shown m F,g_ 
73 so that the gate bus line 31 is rectilinear while the data bus line 32 is bent m zigzag. In Fig. 73. the 
protrusions 20A and 20B are not independent for different pixels but form a continuous protrusion 
covering a plurality of pixels. The protrusion 20B is arranged on the data bus hne 32 laid vertically 
between the cell electrodes 13 thereby to satisfy the conditions of 67C. The arrangement Fig. 73 can 
also realize the conditions of Figs. 67A and 678. as far as the protrusions arranged on the data bus hne 
32 are formed in spatially opposed relation to the edges of the cell electrode 1 3 or the ^^js of the C^ 
substrate 16. In this case, too, the protrusions are desirably formed at the edges of the cell electrode 13 
on the TFT substrate 17. 

In the arrangement of Fig. 73. each protrusion crosses the edge of the cell electrode 13 parallel to the 
gate bus line 31 . The resulting effect of the diagonal electric field on this portion gives nse to the 
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problem described above with reference to Figs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment In the arrangement 
shov/n in Fig. 74. the protrusions are bent twice in a pixel. This makes the pixel somewhat rectangular 
in shape as com|Dared with Fig. 73 and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 13, the gate bus tine 31, the data bus line 
32, the TFT 33 and the protrusions 20A, 20B according to a thirteenth embodiment. Figs. 76A and 76B 
are sectional views taken in lines A-A' and B-B' in Fig. 75. in order to alleviate the effect of the diagonal 
electric field at the edges of the celt electrode 1 3 with a protrusion arrangement bent in zigzag, the 
tenth embodiment includes the non-display region domain regulating means arranged outside the 
display region while the thirteenth embodiment has the cell electrode bent in zigzag, both having failed 
to completely eliminate the effect of the diagonal electric field. In view of this, according to the thirteenth 
embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is 
liable to' occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the 
diagonal electric field on the display. 

At the portion A-A' shown in Fig. 75 is free of the effect of the diagonal electric field, the BM 34 is 
narrowed as shown in Fig. 76A. while at the portion B-B' where the diagonal electric field has a 
considerable effect, the width of the BM 34 is increased as compared with the prior art so as not to 
display any image. In this way, the display quality is not deteriorated nor an after-image or a reduced 
contrast is caused. The increased area of the BM 34, however, reduces the luminance of display due to 
a reduced numerical aperture. Nevertheless, no problem is posed as far as the area of the increase of 
BM 34 is not considerable. 

As described with reference to the tenth to thirteenth embodiments, according to this invention, the 
■ effect of the diagonal electric field at the edge portions of the cell electrode can be alleviated and 
therefore the display quality can be improved. 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating 
means A detailed observation of the orientation in the boundary portion of the domain, however, 
reveals the fact that the domain is divided in the directions 180 DEG apart at the domain regulating , 
means that minute domains 90 DEG different in direction exist in the boundary portion (on a 
protrusion, a depression or a slit) between domains and that a region looking black exists in the 
boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute 
domain The region looking dark brings about a reduced numerical aperture and darkens the display. 
As described above, the liquid crystal display device using a TFT requires a CS electrode contnbuting 
to a reduced numerical aperture. In other cases, a black matrix (BM) is provided for shielding the 
surrounding of the display pixel electrode and the TFT. In all of these cases, it is necessary to prevent 
the numerical aperture from being reduced as far as possible. 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the 
function of the storage capacitor (CS) and the electrode structure. The circuit of each pixel in a liquid 
crystal panel having a storage capacitor is shown in Fig. 77A. As shown in Fig. 17, the CS electrode 35 
is formed in parallel to the cell electrode 13 in such a manner as to configure a capacitor element 
between the CS electrode 35 and the cell electrode 13 through a dielectric layer. The CS electrode 35 
is connected to the same potential as the common electrode 12, and therefore, as shown in Fig. 77A, a 
storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon application of 
a voltage to the liquid crystal 1, a voltage is similarly applied to the storage capacitor 2, so that the 
voltage held in the liquid crystal 1 is held also In the storage capacitor 2. As compared with the liquid 
crystal 1 the storage capacitor 2 is easily affected by a voltage change of the bus line or the like, and 
therefore effectively contributes to suppressing an after-image or a flicker and alleviating the disp ay 
failure due to the TFT-off current. The CS electrode 35 is preferably formed in the same "ayf r a^ the 
gate (gate bus line), the source (data bus line) or the drain (cell) electrode of the TFT ^^^^^^^^fJJ^^^' 
to simplify the process. Since these electrodes are formed of an opaque metal for securing the required 
accuracy the CS electrode 35 is also opaque. As described above, the CS electrode is formed m 
parallel to the cell electrode 13. and therefore the portion of the CS electrode cannot be used as a 
display pixel for a reduced numerical aperture. 

The liquid crystal display device is required to have an improved display luminance while an effort is 
being made to save power consumption at the same time. The numerical aperture, therefore, is 
preferably as high as possible. As explained above, on the other hand, the light leakage through the siit 
formed in the protrusion or the electrode for improving the display quality deteriorates the disp ay 
quality For eliminating this inconvenience, the protrusion is preferably made of a masking material and 
the slit'is preferably masked with a BM or the like. Nevertheless, these measures contribute to a lower 
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numerical aperture. 

An arrangement of the protrusions 20A. 20B and the CS electrode 35 of the embodiments as set above 
is shown in Fig 77B. The protrusions 20A. 20B and the CS electrode 35 are opaque to the light and the 
corresponding portions have a lower numerical aperture. The protrusions 20A. 20B are formed partly in 
superposition but partly not in superposition on a part of the CS electrode 35. 

Figs 78A and 788 are diagrams showing an arrangement of the protrusions 20 (20A. 208) and the CS 
electrodes 35 according to an 14th embodiment. Fig. 78A is a top plan view and Fig. 788 is a sectional 
view As shown a plurality of CS electrode units 35 are arranged under the protrusions 20A, 20B. For a 
storage capacitor of a predetermined capacitance to be realized, a predetermined area is required of 
the CS electrode units 35 The combined area of the five units into which the CS electrode 35 is divided, 
as shown in Figs 78A and 788 coincides with the area of the CS electrode 35 shown of Figs. 77A and 
778 Further in view of the fact that the CS electrode units and the protrusions 20A. 208 are all 
superposed one on another in Figs. 78A and 788. the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numencal 
aperture is not reduced by the provision of the protrusions. 

Fiqs 79A and 798 are diagrams showing an arrangement of the slits 21 of the electrodes 12. 13 and 
the CS electrode units 35 according to a modification of the 14th embodiment. Fig. 79A is a top plan 
view and Fig 79B is a sectional view. The slits 21 function as a domain regulating means and are . 
preferably masked for preventing the light leakage therethrough. In this modification, the leakage light 
at the slits 21 is masked by the CS electrode units 35. Since the total area of the CS electrode units 35 
remains the same, the numerical aperture is not reduced. 

Fiqs 80A and 808 are diagrams showing an arrangement of the slits 21 of the electrodes 12 13. and 
the CS electrode units 35 according to another modification of the 11th embodiment. Fig. 80A is a top 
plan view and Fig 808 is a sectional view. This modification is identical to the aforementioned 
modification of Figs. 78A and 78B except that the protrusions are bent in zigzag. 

Fiqs 81 A and 818 are diagrams showing an arrangement of the slits 21 of the electrodes 12 13, and 
the CS electrode units 35 according to another modification of the 14th embodiment. Fig^SI A is a top 
plan view and Fig. 818 is a sectional view. This modification represents the case m which the total area 
of the protrusions 20A. 208 is larger than the total areas of the CS electrode units 35^ According to this 
modification the CS electrode units are arranged at positions corresponding to the edges of the 
protrusions 20A, 208 and not arranged at the central portion of the protrusioa As a resul , a minute 
domain having an orientation angle 90 DEG different existing in the neighborhood of the top of the 
protrusion can be effectively utilized for a brighter display. 

The constitution in which the CS electrode is divided into a plurality of CS electrode unit can be 
adapted to a case in which the depressions (grooves) are used as the domain regulating means. 

The 14th embodiment described above can prevent the reduction in numerical aperture which 
otherwise might be caused by the domain regulating means used. 

Fig 82 shows a protrusion pattern of the fifteenth embodiment. In this fifteenth embodiment, linear 
protrusions 20A and 208 are disposed in parallel with one another on the upper and 'ower sub^^^^^^^^ 
respectively, so that when they are viewed from the surface of the substrates, these protrusions 20A 
and 20B orthogonally cross one another. The liquid crystalline molecules . .^^ 

perpendicularly to the slopes under the state where no voltage is applied be^^ee^ the ^'^^^^^^^^ but 
the liquid cn/stalline molecules in the proximity of the slopes of the protrusions 20A and 208 are 
or^nld pe7pend^ to the slopes^Therefore. the liquid crystalline molecules t^X^i;'^^^ 

slooes of the orotrusions 20A and 208 are inclined under this state and moreover, the directions o 

Xation^^^^^^ near the protrusions 20A and .^^B- Wh- the v^^^^^^ 

between the electrodes, the liquid crystalline molecules are inclined direction _which^^^ Ent by 
the substrates, but because the liquid crystalline molecules are regulated in the directions ^ ^e^ent by 
90 degrees near the protrusions 20A and 20B. respectively, they are ^t^f^ed. The change o^^^ .mage 
in the case of twisting in this fifteenth embodiment is the same as that of Uie m°de s^^^^^^ 
2A to 2C. Fig. 2C shows the state when no voltage is applied and this is different only >n t^^^^^ 
voltage is applied, the state becomes the one shown in Fig. 2A. As shown in F'9;,^2. further fou^ 
different twist regions are defined in the range encompassed by protrusi^^^^^^ 
fifteenth embodiment. In consequence, viewing angle performance is excellent, too. Incidentally, tne 
directions of the twists are different among the adjacent regions. 

Figs. 83A to 83D explanatory views useful for explaining why the response speed in the fifteenth 
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embodiment is higher than that of the first embodiment. Fig. 83A shows the state where no^°l'aSf 
applied and the liquid crystalline molecules are oriented perpendicularly to the substrates When the 
voltage is applied, the liquid crystalline molecules are inclined in such a manner as to tos in the LCD 
of the fifteenth embodiment as shown in Fig. 83B. In contrast, the liquid crystalline molecules at other 
portions are oriented by using the liquid crystalline molecules keeping touch with the protrusions as the 
triqqer in the LCD of the first embodiment as shown in Fig. 83C. However, the liquid crystalline 
molecules near the centers of the upper and lower protrusions move irregularl/ when the onentation 
changes because they are not limited, and they are oriented in the same direction as shown in Fig. 83D 
after the passage of a certain period of time. Generally, the change speed of the twist of the LCDs is 
high not only in the LCD of the VA system LCD using the protrusions, and the response speed of the 
fifteenth embodiment is higher than that of the first embodimenL 

Fin 84 shows viewing angle performance of the LCD of the fifteenth embodiment. This viewing angle 
performance is extremely excellent in the same way as that of ttie VA l^CD of the first embodiment, and 
is naturally higher than that of the TN mode and is at least equal to that of the IPS mode. 

Fiq 85A Is a diagram showing the response speeds with the change of the gray-scale at the 16th 
graduation, 32nd gradation, 48th gradation. 64th gradation and black (first gradation) when 64- 
gradation display is effected in the LCD of the fifteenth embodimenL For reference, F,g. 85B shows the 
response speed of the TN mode. Fig. 85C shows the response speed of the nnono-domainVA mode in 
which the orientation is not divided and Fig. 85D shows the response speed of the multi-domam VA^ 
mode using the parallel protrusions of the first embodimenL For example, the ^esponse speed from he 
full black to the full white is 58 ms In the TN mode, 19 ms in the mono-domain VA -^"f ^ ^nd 19 ms in 
the multi-domain system, whereas it is 19 ms in the fifteenth embodiment, and th's value remams at the 
same level as those of other VA mode. The response speed from the full white to the full b^^ack .s 21 ms 
in the TN mode 12 ms in the mono-domain VA mode and 12 ms m '^e multi-domain type, whereas .t is 
6 r^s ir^ the fifteenth embodiment, and this value is higher than those of other VA modes. Further the 
feTponse speed from the full to tt^e 16th gradation is 30 ms in the TN mode, 50 ms in the mono-domain 
ypTand 1 30 ms inThe multi-domain type, whereas it is 28 ms in the fifteenth embodiment, and his 
value remains at the same level as that of the TN mode and ,s by far "^°^^^,^^!=,=ff '.^^^^ °' 
other VA modes. The response speed from the 16th gradation to the full black is 21 ms 'he TN 
mode 9 msm the mono-domain type and 18 ms in the multi-domain type, whereas it is 4 ms m the 
fTfteenth ernbodiment and this value is more excellent than the values of any °~des Jnc.d^^^^ 
the resDorise speed of the IPS mode is extremely lower in comparison with any other modes, and the 
response speeds from the full black to the full white and vice versa are 75 ms. the response speed from 
[he fuN b!ack to the 16th gradation is 200 ms and the response-speed from the 16 gradation to the full 
black is 75 ms. 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle 
performance and the response speed. 

Flos 86A and 86B shows another protrusion patterns for accomplishing the twist type VA system 
descrfbed above in ng 86A protrusions 20A and 208 are interruptedly disposed in such a fashion as 
to Ixtend orthogonally^ directions on the respective substrates and not to cross one another, but 
o cross onrano°he wherthey are viewed from the respective substrates. In this embodiment, four 
t^isueqionslre formedin he different way from Fig. 82. The direction of the twist ,s the same in each 
^is reo on bu thTrofating positions deviate from one another by 90 degrees^ln Fig. 86B protrusions 
20A and 20B are disposed in such a fashion as to extend orthogonally in two directions to the 
fespecttf subsTrates and to cross one another but to deviate mutually in both directions. In this 
embodiment, two twist regions having mutually different twist directions are formed. 

In Fin<! 82 86A and 86B the protrusions 20A and 208 disposed on the two substrates need not be 
Ssed in such^lashL as^orthogonally cross one another. Fig. 8 
the'^protrusions 20A and 20B shown in Fig. 82 are so disposed as to cross 

other than 90 degrees. In this case, too, four twist regions having mutually different twist directions are 
formed, and the quantity of the twist is different between the two opposed regions. 

Furthermore, the same result can be obtained when slits are disposed in place of the protrusions 20A 
and 208 shown In Figs. 82. 86A and 868. 

In the fifteenth embodiment shown in Fig. 82, there is no means for controlling the orientation at the 
in tt^e "^^^"^[^ encomoassed by the protrusions 20A and 208 in companson with the 
center P°rti°n 'n the frame e^^ disturbed because it is far from the 

^roTrusfo^f FOMN rea on arelongato is necesLry before the orientation gets stabilized, and 
^ °s exTecfed ?i.at the response speed at the center portion becomes lower. The response speed 
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attains the highest at the corner portions of the frame because they are affected strongly by the 
protrusions serving as two adjacent sides. The influences of the orientation at the corner portions are 
transferred to the center portion, impinge with the influences of other twist regions and the twist regions 
are rendered definite and are stabilized. In this way, all the liquid crystals are not simultaneously 
oriented, but certain portions are first oriented and then this orientation is transmitted to the portions 
nearby. Therefore, the response speed becomes slower at the center portion far from the protrusions. 
When the frame defined by crossing is a square as shown in Fig. 82 for example, the influences are 
transferred from the four corners but when the frame defined by the crossing protrusions is the 
parallelogram as shown in Fig. 87, the influences are transferred from the acute angle portions, where 
the influences of the protrusions are stronger, to the center portion. The influences impinge at the 
center portion and are further transferred to the corners having an obtuse angle. Therefore, the 
response speed becomes slower in the parallelogramic frame than in the square frame. To solve such 
a problem, a protrusion 20D similar to the frame is disposed at the center of each frame as shown in 
Fig. 88. An excellent response speed can be obtained when, for example, the protrusions 20A and 20B 
has a Width of 5 mu m and a height of 1 .5 mu m, the gap of the protrusions is 25 mu m and the 
protrusion 20D is a square pyramid having a bottom of 5 mu m. 

Fig. 89 shows another embodiment wherein the protrusion is disposed at the center of each frame of 
the protrusion pattern shown in Fig. 87. The same result as that of Fig. 82 can be obtained according to 
this arrangement, too. 

In the constructions shown in Figs. 82, 86A, 868 and 87 v/herein the protrusions 20A and 20B cross 
one another, the thickness of the liquid crystal layer can be limited at the portions at which the 
protrusions 20A and 20B cross one another by setting the sum of the height of the protrusions 20A and 
.208 to a value equal to the gap of the substrates, that is, the thickness of the liquid crystal layer. 
According to this arrangement, the spacer need not be used. 

Figs. 90A and 90B are diagrams showing the structure of a panel of the 16th embodiment. Fig. 90A is a 
side view, and Fig. 908 is an oblique view of a portion of the pane! corresponding to one square of a 
lattice. Fig. 91 is a diagram showing a pattern of protrusions in the 16th embodiment which is seen in a 
direction vertical to the pane!. As illustrated, in the 16th embodiment, the protrusions 20A are created 
like a cubicJattice on the electrode 12 formed on one substrate, and the pyramidal protrusions 20B are 
created at positions coincident with the center positions of the opposite squares of the lattice on the 
electrodes on the other substrate. In a region shov/n in Fig. 908, the orientation is divided according to 
the principles described in conjunction with Fig. 128 and divided vertically and laterally uniformly. In 
reality, a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, 
the sideways spacing between protrusions 20A and 208 to 10 micrometers, and the height of 
protrusions to 5 micrometers. As a result, the viewing angle characteristic of the panel was of the same 
level as the one of the panel of the second embodiment shown in Fig. 22. 

Figs. 254A and 254B show a modification of the sixteenth embodiment. Fig. 254A shows a protrusion 
pattern and Fig. 254B is a sectional view. In this modification, the arrangement of the matrix-like 
protrusions and the pyramidal protrusions of the sixteenth embodiment is reversed. In other words, the 
protrusion 20A disposed on the electrode 12 of the CF substrate 16 is pyramidal whereas the 
protrusion 20B on the side of the TFT substrate 17 has a two-dimensional matrix form. The protrusion 
20A is disposed at the center of each pixel 9 and the protrusion 208 is disposed in the same pitch as 
that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is 
oriented in four directions inside each pixel. The domain is divided by the protrusion 20A at the center 
of the pixel as shown in Fig. 254B. The protrusion 208 disposed outside the pixel electrode 13 divides 
the orientation at the boundary of the pixels as shown in the drawing. Further, the edge of the pixel 
electrode functions at this portion as the domain regulating means. The orientation regulating force by 
the protrusion 208 and the orientation regulating force of the edge of the pixel electrode coincide with 
each other. Consequently, the division of the orientation can be carried out stably. In this modification, 
the distances between the protrusion 20A and the protrusion 208 versus the edge of the pixel electrode 
12 are great. Therefore, it is only the protrusion 20A that exists inside the pixel, and the occupying area 
of the protrusion inside the pixel is small and display luminance can be improved, though the response 
speed drops to a certain extent. Further, the production cost can be reduced by forming the protrusion 
208 by the formation process of the bus line because the number of the production steps does not 
increase. 

In the aforesaid first to 16th. embodiments, protrusions produced using a resist that is an insulating 
material are used as a domain regulating means for dividing the orientation of a liquid crystal. In the 
embodiments, the shape of the inclined surfaces of the protrusions are utilized. The insulating 
protrusions are ver/ important in terms of the effect of interruption of electric fields. A liquid crystal is 
driven using, generally, an alternating wave. With an increase in response speed deriving from 
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innovation ofaHpuidcr^^^^^^^^^^^^^ 

Characteristics Of me AC and DC vo[ta9es and 

M anving wdvt; lui ik|u j voltaaes The propert es of the resist used to allow the 

the AC and DC characteristics. 

,K i=,.,^^ir,tr,f tho nr rharacteristic- the specific resistance rho must be high enough to affect 
From '':'7'ewpoint of he DC ^ ^ resistance must be 10 ohms/cm or more 

'n^h=,T^^ ^l^be eaSorl ir t^^^^^^ resistance of a liquid crystal (for example, the 

fpecmo resisfanL' of a liquid ciys^l is about 10 ohms/cm or more). Preferably, the speciFic 

resistance should be 10 ohms/cm or more. 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant, 

filmTh cknesr and sectional area) of a resist must be about ten or less times larger than the 

4^Ic ^ance oV a itu^^^^^^ under the resist (with an impedance of about one-tenth or more of 

can affect the distribution of electric fields in the liqu.d-crystal layer. 

epsilon of approximately 3 ^ "''^f '^'P arid a larger thickness would exert a more 
insulating layer ^avmg a smaUer die^^^^^^^^^^^ ^ ^9^^^^^ ^^^.^^ ,3^.^g ^ 

preferable °Pf J^^^'^ " f ,3 used to form protrusions of 1.5 micrometers thick. Observation of 

constant epsilon °f aPPr°>='™f ^..^ "^^^,1^^^^ can be attained. The novolak resist is 

orientation division has revealed that very stabl^^^^^ ^^^^^ ^^^^^^^ resist would 

widely adopted in the process of manufactunng a 1 m ' ' , ,^ ...r , 

bring about a great merit (of obviating the necessity of additional facilities). 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists er a 
flattening material and has no problem. 

Moreover, when the insulating film is placed on both substrates, a more preferable operation and effect 

can be exerted. 

Aside from the novolak resist, an acrylic resist ( epsil- = 3^) ^^^^^ 

effective as an insulating film. The same results f '^"^^ "^-'^'^f^^^ ^ film was 

werfnot so good as those obtained when the insulating film was used. 

J- i aicsr-trndp i<i slitted or protrusions of insulators are formed on an 
L^ic^^o^d^'i^Vr^er rdiefd^Te^ortmirorofa'^^ Other forms can be adopted. Some of the 

forms will be presented below. 
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Fias 92A and 92B are diagrams showing the structure of a panel of the 17th embodiment. Fig. 92A is 
an obHque view and Rg 92B is a side view. As illustrated, in the 17th embodiment protrusions 50 - 
^vtend^a oSel to one another unidirectionally are formed on glass substrates 16 and 17, and 
efictrodes 12 and 13 ar^ on the substraks. The protrusions 50 are arranged to be mutually 

offse bv a halfpitch T^e electrodes 12 and 13 are therefore shaped to partly ,ut out. The surfaces of 
mP P ectrodes are processed for vertical alignment. Using the thus shaped electrodes when a voltage 
the electrodes are proces^^^^ a ^^^.^^^ direction. The orientation of a liquid 

S Ts dTvidedlnto t^^^^^ With each protrusion as a border. The viewing angle characteristic 

S oanel is there°ore°r^proved as compared with a conventionally exhibited one. However, the 
d stribufon of electl few^^^ different from the one attained when the protrusions are made of 

dismbu ion or eieciric iieiu inclined surfaces of the protrusions is utilized 

fn^orde trdSme or?eSn^T^^^^^ slightly inferior to that attained when the 

orotrus oL are ma^^^^^^^ insulating material. However, as described above, the protrusions provided 
on the e°ectrodeT need to be made of insulating material with low dielectric constant^ There ore the 
ma edat Ssedto form the protrusions are limited. Further, various conditions must be satisfied to form 
t^fp o rusions by ^ng those materials. This causes a problem in the production process. Contranly, 
thi pLnel stmcture of the 17th embodiment does not have such limitation. 

Fio 93 is a diaaram showing the structure of a panel of the 1 8th embodiment. In this embodiment, 
Fig. 93 is a diagram snowmg I electrodes 12 and 13 are provided with depressions 23. As the 

the effect exerted by the protrusions to stabilize alignment. 

Fia 94 shows a Dane! structure of the nineteenth ennbodiment. In this ennbodiment electrodes 12 and 
Fig. 94 shows a P^^^' 16 and 17 respectively layers 62 each made of an electncally 

Nquid cSal is divided atthe recess portions. In other words, it has been confirmed that the 
depression >too, functions as the domain regulating means. 

upper and lov/er depressions. 

small and the material used for other portions such as the CF resin can be used. 

. f ^r<=.forroH arr^nnpments when the depression and the sitt are used in 
Fig. 96 shows an f^^^P'e ""^f^P^^J^^^j^^ si s 2Ta and 2l^B are disposed at positions opposing the 
combination. As shown in the drawing^the si^^^^ direction of the 

depressions 23A and 23B of me 2^^^^^^ 3„3 ,ppo3ing one another is the 

onentation division of he liquid cO^stai oy = "1= P , ^ the depression is formed under the 
^^^^^S^ ^^oT^'T.. m an^d the gap between the center of 
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the depression and that of the slit is 20 mu m. the switching time is 25 ms under the driving condition of 
0 to 5 V and 40 ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the 
switching time is 50 ms and 80 ms, respectively. 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A on one of the substrates 
(substrate 16 in this case) in the panel structure shown in Fig. 98, and the region having the same 
orientation direction is formed between the adjacent depression 20B and the slit 21 B. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position 
in place of the slit in the panel structures shown in Figs. 96 and 97, and the response speed can be 
further improved. 

Fig. 98 shows another panel structure wherein the depression 23B is formed in the electrode 13 of the 
substrate 17 and the protrusions 20A and the slits 21 A are alternately formed at positions of the 
opposed substrate 16 at positions facing the depression 23B, respectively. In this case, the direction of 
the orientation becomes different between the set of the adjacent depression 238 and protrusion 20A 
and the set of the adjacent depression 23B and slit 21A and consequently, the boundary of the 
orientation regions is formed in the proximity of the center of the depression. 

Figs. 99A and 99B are diagrams showing the structure of a pane! of the 21th embodiment. As 
illustrated, the panel of the 21th embodiment is a simple matrix LCD. The surface of each electrode is 
dented. The orientation of a liquid crystal is divided with each depression as a border. However, like the 
tenth embodiment, an effect of oblique electric fields is not exerted. The stability of alignment is little 
poor. 

As described above, the alignment dividing operation of depressions (grooves) is reversed to those of 
protrusions and slits. By using this relation, a ratio of domain areas can be constant regardless of 
assembly errors. Now, the influence of assembly errors in the pane! of the first embodiment will be 
described. 

Figs. 100A and 100B are sectional views of a panel in the first embodiment. As described already, a 
region where the orientation is regulated is defined by the protrusion 20A formed on the common 
electrode 12 and the protrusion 208 formed on the cell electrode 13. In Fig. 100A, the region defined by 
the right inclined side surface of the protrusion 20B and the left inclined side surface of the protrusion 
20A is designated as a region A, and the region defined by the left inclined side surface of the 
protrusion 20B and the right inclined side surface of the protrusion 20A is designated as a region B. 

Assume that the CF substrate 1 6 is displaced leftward of the TFT substrate 1 7 due to an assembly 
error, as shown in (2) Fig. 100B. The region A is reduced, while the region 8 increases. Therefore, the 
ratio between region A and region B is not already 1 to 1. The resulting proportion of liquid crystalline 
molecules divided in orientation is not equal, thereby deteriorating the viewing angle characteristic. 

Figs. 101 A and 101 B are sectional views of a panel according to a 22th embodiment. In the 22th 
embodiment, as shown in Fig. 101A, a depression 22B and a protrusion 20B are formed in the TFT 
substrate 17. followed by forming a depression 20A and a protrusion 22A on the CF substrate 16. This 
process is repeated. As shown in Fig. 101B, assuming that the CF substrate is displaced with respect 
to the TFT substrate 17 at the time of assembly, the region A' defined by the protrusions 20B and 20A 
is reduced. Since the region A" defined by the depressions 22B and 22A is increased by the same 
amount as the region A' is reduced, however, the region A remains unchanged. The region B, which is 
defined by the protrusion 20B, the depression 22B, the protrusion 20A and the depression 22A, 
remains unchanged since the interval between them remains unchanged. Consequently, the ratio 
between the regions A and B remains the same, and the superior viewing angle characteristic is 
maintained. 

Fig. 102 is a sectional view of a panel according to a 23th embodiment. In the 23th embodiment, as 
shown, the CF substrate 16 is formed with the protrusions 22A and the depressions 20A alternately 
with each other. This process is repeated. The region A is defined by the left inclined side surface of 
the protrusion 20A and the right inclined side surface of the depression 22A, while the region B is 
defined by the right inclined side surface of the protrusion 20A and the left inclined side surface of the 
depression 22A. In view of the fact that the orientation region is defined only by the protrusions and 
depressions formed on one of the substrates, the assembly accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on 
the application of the liquid crystal panel, however, there are the cases where the viewing angle need 
not be great, and a great viewing angle needs be obtained in only a specific direction. The LCD suitable 
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IZf^^Ln r^^'^ T ac<:°"iPl'shed by using the orientation dividing technology by the domain 

egulating means described above. Next, several embodiments to which the technology of the oresTn 
invention is applied for the LCDs for such specific applications will be explained ^ 

F^VrHl^- ^"'^ '"^ P^"^' structure of the 24th embodiment. Fig. 103A is a top view and " 

Fig. 103B IS a sectional view taken along a line Y - Y' of Fig 103B Linear Drotrij^inn^ronA =nH -fnc 
disposed in the same pitch on substrates 16 and 17, respectivefy as shown ?n th?draw^^^ 
protrusions 20A and 20B are so situated as to deviate a little from the respective oppo^n|posRions !n 
other words the region B is extremely narrowed in the structure shown in Fig 102 so thaUhrreoion. 
are occupied almost fully by the region A. regions 

The panel of the twenty-fourth embodiment is used for a protrusion type LCD for Pramnic Tho „; ■ 
ang e performance of the protrusion type LCD may be narrow, but atgh resp<^^se speed a hfoh 
contrast and high luminance are required for the protrusion type LCD Since the ohenlafcn rtSi.n 
the panel of the 24th embodiment is substantially in one direc'on (mono domarnrre v ^wintfnl^ 
perfo mance ,s the same as those of the conventional VA system and cannot be said as excelled 
Nonetlneless, since the protrusions 20A and 20B are disposed, the response speed is improved 
markedly in comparison with the conventional system, in the same way as the LCDs of the foreaoina 
embodiments. As to contrast, the contrast of this panel is substantially equalfo other VA system and is 
therefore superior to that of the conventional TN mode and IPS mode As has been explained Sv 
with reference to Fig. 27, the orientation gets distorted and leaking light transmits through the portions 

and 20B°are^r.Tj.h^ f^' 1° rr"^ "^^ °' '^^'^ protrli^ns 20A 

l?.r^r?.H A P^sfs'^fbly Shaded. As to luminance, on the other hand, the aperture ratio of the pixel 

n< Z n Pjt^'f^y increased. Therefore, the protrusions 20A and 20B are disoosed at the edge 

From the aspect of the response speed, the gap between the protrusions 20A and 20B is preferably 
pfp%f H .^'w. ""f^ P^°*^^^^°^^ 20A and 20B must be disposed aroundTe pTxe! 

electrode 13 When the protrus.ons 20A and 20B are disposed around the pixel electrode 13 these 
portfons must be shaded, so that the aperture ratio drops as much. As described above the response 
ZllnH P^^^ast^^d luminance have the trade-off relationship, and they must be set'appropr^tely 
depending on the object of use, and so forth. ^ ^ 

TJE^Jh^ ^^.^^'^ I structure for achieving an LCD panel having excellent viewing angle performance in 
three directions by utdizing the technology of forming the mono-domain according to the 24th 

r^^ninn^ nf ?h ^'f Structure the protrusions 20A and 20B are disposed in such a fashion as to define 
Nvo regions of the transverse direction in the same proportion and one region of the longitudinal 
or entation inside one pixel. The two regions of the transverse orientation in the same proportion are 
formed by so disposing the protrusions 20A and 20B as to deviate from one another by a half pitch as 
shown in Figs. 100A and 100B. while one region of the longitudinal orientation is formed by disposing 
the protrusions 20A and 20B adjacent to one another as shown in Figs. 103A and 1038 This structure- 
can accomplish a panel which has excellent viewing angle performance on the right and left sides and 
on the lower side but has lower viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so 
that a large number of people look it up from below, such as a display device disposed above a door of 
a train. 

As shown in Fig. 85C. the LCD of the VA system which does not execute the orientation division and 
tne LUU of the VA system which execute the orientation division by the protrusions or the like the 
response speed from black to white and vice versa is superior to that of the TN mode but the'response 
speed between the intermediate gray-scale is not practically sufficient. The twenty-fifth embodiment 
solves this problem. 

Figs. 105A and 1058 show the panel structure in the 25th embodiment. Fig. 105A shows the shape of 
the protrusion when viewed from the panel surt^ace and Fig. 105B is a sectional view. As shown in 
tnese drawings, the position of the protrusion 20B is charged inside one pixel so as to deHne a portion 
naving a different gap with the protrusion 20A. In consequence, the proportion of the domain oriented in 
two directions can be made equal and the viewing angle performance is symmetric When the structure 
shown in the drawings is employed, the response speed between the intermediate gray-scale can be 
apparently improved. This principle will be explained with reference to Figs. 106 to 109B. 

Fig. 106 shows the structure of the panel manufactured for measuring the changes of the response 
speed and the transmittance depending on the gap of the protrusions. The protrusions 20A and 208 
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have a height of 1 5 mu m and a width of 10 mu m. and the thickness of the liquid crystal layer is 3.5 
mu m The response speed and the transmittance of the region of the gap d1 and the region of the gap 
d2 are measured by setting one of the gaps d1 of the protrusions to 1 0 nnu m. changing the other gap 
62 and changing also the voltage to be applied across the electrodes between OV and 3 V 
corresponding to the intermediate gray-scale. 

Fig 107 is a graph showing the result of the response speed measured in the way described above. 
This graph corresponds to the one obtained by extracting the object portion shown in Figs. 20A and 
20B. As can be seen clearly from the graph, the response time drops as the gap d2 becomes smaller. 

Fig 108A shows the change of the transmittance when the applied voltage is changed, by using the 
gap d2 as a parameter. Fig. 108B shows the change of the transmittance when the voltage is changed . 
from OV to 3V by using the gap d2 as a parameter. It can be seen from Figs. 108Aand 108B that the 
respons.e speed of the intermediate gradation can be drastically improved by decreasing the gap d2 of 
the protrusions. However, the maximum transmittance drops when the gap d2 of the protrusions is 
decreased. 

Fig 109Ais a graph showing the normalized time change of the transmittance at each gap d2, and Fig. 
109B explains the orientation change of the liquid crystal. Assuming that the time before the 
transmittance reaches 90% of the maximum transmittance is an ON response time, the ON response 
time when d2 is 10 mu m is Ton 1 . the ON response time when d2 is 20 mu m is Ton 2 and the ON - 
response time when d2 is 30 mu m is Ton 3. they have a relationship of Ton 1 < Ton 2 m2 > m3. 

The smaller the protrusion interval m, the larger the effect that the electric field vector has on the liquid 
crystalline molecules, thus making it more possible to alleviate the problem of the electric field vector at 
the time of drive Fig 11 5 is a diagram shov/ing the relation between the applied voltage and the 
transmittance as measured while changing the protrusion interval. It is seen that the larger the interval 
m the larger the numericai aperture, and hence the transmittance is improved. The wavelength 
dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in Fig. 1 1 3 By 
chanqinq the protrusion interval m for each color pixel as shown in Fig. 114. the difference of the 
retardation for a particular color can be reduced DELTA n while passing through the liquid crystal layer 
for an improved color characteristic. 

Fig 116 is a diagram showing a protrusion pattern according to a 28th embodiment of the invention. In 
the seventh embodiment, the blue (B) pixel 13B, the green (G) pixel 13G and the red (R) pixel 13R 
have the same protrusion interval m but different protrusion widths I. The effect is the same as that of 
the 27th embodiment. 

Fiq 117 is a diagram showing a protrusion pattern according to an 29th embodiment of the invention. 
In the 29th embodiment, the protrusion interval m in each pixel is set to a small value m1 in the upper 
and lower regions near to the gate bus line and a large value m2 at the central region. In the 
neiqhborhood of a bus line such as the gate bus line or the data bus line, a domain may occur a the 
time of driving and the liquid crystalline molecules fall into a state not suitable for display due to the 
electrical field vector, thereby deteriorating the display quality. According to the eighth embodiment the 
protrusion interval is narrowed in the region near to the gate bus line thereby to make it difficul for the 
gate bus line to be affected by the electrical vector. As a result, the generation of an undesirable 
domain is suppressed for an improved display quality. However, a narrower protrusion interval reduces 
the numerical aperture accordingly and darkens the display. From the viewpoint of numerical aperture, 
therefore, a larger protrusion inten/al is recommended. The protrusion pattern according to the e^^^^ 
embodiment can minimize the reduction in numerical aperture and reduce the effect of the electrical 
field vector generated by the gate bus line. 

Fig. 118 is a diagram showing the pixel structure in the case where the protrusion pattem according to 
the 29th embodiment shown in Fig. 1 1 7 is actually realized. 

Fig 119 is a diagram showing a protrusion arrangement according to a 30th embodiment. As shown in 
Fig. 119. in the 30th embodiment, the protrusion height is changed gradually. 

Fig. 120 is a diagram showing the change that the relation between applied voltage and ^ 
transmittance undergoes when the protrusion height ,s changed F.g. 121 the ^^f^S^f/.^l^^V^^ 
between the applied voltage and the contrast undergoes when he protrusion h^'Sht^c^^^^^^^^^ 
122 the change of the transmittance in white level with respect to the protrusion height, and Fig^123 
the change of the transmittance in black level with respect to the protrusion heigh . These diagrams 
show the result of measuring the transmittance and the contrast in test equipment with he width and 
inten/al of the resist for forming the protrusion set to 7.5 mu m and 15 mu m. respectively, the cell 
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thickness to about 3.5 mu m. and the resist height to 1 .537 nm, 1 .600 nn.. 2.3099 nm and 2.486 nm. 
This .easuren^en. Shows that the — 

resist height. Th,s is considered duMo the met '^at me Prm p VJ^^.^^^^^^ lig^^ m 

the protrusion and not to increase the protrusion height excessively. 
Anvway,theorienta.onof,hec^sta.>i.^^^^^^^^^^^^ 

therefore a supenor display is ^^^.^^ P°ssib'e by cha^ appropriately in accordance 

thus adjusting the ^"'"^^^^arac erotic or by se ting Pro^usior^ n 9 PP P f ,3 increased, and 
with the .distance from the ;"%f^°;'^f^'^hat"o^ pixel, the protrusion height is 

fn=e^d'in°;rne%^hbo1hTo'd'^of the^^ nnfandfowered at the Centra, portion. 

The inventor has confirmed that the screen display can ^^ -00^^^^^^^^^^ 

when the protrusion height is Increased [° '"^f^f -yi^^trsfa^^^^^^^^^ ^24A or pUrusions are 

protrusion height is set to the same level as f ^ ^^"^^^^^^^^^^^^^^^ f,^°p7" "24B so thai the sum of the : 

role of a panel spacer. 

Pigs. 125A and 125B are ^-gra- show; g a pro.^^3^^^^ .^^^ 

this embodiment, as shown in Fig. 125A, the '°" ^.^ felectrode) This angle is called the 

by the angle &thetas; that the side s^^ace forms with the f "^-fj^^f fj^^^^^^^^ of the protrusion 

taper angle. According to the tenth ^'^bo^'"^^"^^^^^"^'^!,^^,^ ^ ar^er theTaper angle Sthetas;, the 
20 can take several values as ^^own in Fig. 125^ P J 

more satisfactor/ the onentation 'n ° which he 1 qu d a iin ^ -^^^3 g superior display 

angle &thetas;, therefore, the °^:^"'f''°" "J the color characteristic 

-.eZlhrorr AlS tht^e^^^ °' ^ '^^ 

decreased at the central portion in a pixel. 

AS described above with reference ^^^^^^f^:^ °^ 

-J-inTatgle '° - ^ 

Retardation of the liquid crystal ^eper^ds on the v^avelengm as shown ^ InTe'basis of this 

re^rt'T^-lcLL^mX^S^^^^ 

First, wavelength dependence of the VA ^^f^^^^^^;^ 

a twist angle of a liquid crystal layer due ^ '^e applicat on o a v°Jlage w anisotropy (n type 

system liquid crystal display panel using a 'q^Kl c^^^' voltaae is applied the liquid crystal is oriented 
liquid crystal) is provided with the twist angle. When ^ direction of 0 degree on the 

in a direction of 90 degrees on t^e surface of one 3%^^^^^ VVhen the voltage is applied 

surface of the other substrate so tha the ^"^t ° 9° fn fhe proxim ty of the surface of the substrate 
under this state, only the liquid ^^st^"!"^, r'"^"'"|^^hofing^^^^ the substrate surface, but 
undergo twisting in such a manner as to follow '^^fJ^^^^^S energy 

twisting hardly occurs in other layers. There ore. the mode does ""^^^^'^^^^^^y^hange of relative 

polarization mode (TN mode) but to the '''^ ""9en=e r^^ode^F,g^^2 ^^^^ 

luminance (transmittance) ^'^e change of the reta dal.on DEL^^^^^^ ^J^^^ ^^^^p^^ 

and the birefrigence "^"^^f.' ^^own^^^'^^f ^P^iq','^^^ costal than the TN mode. As described above. 

transmittance charactenst.es '° D^.^y^ "'^^^^^ executes black display when no 

Se^fs^lpSne-S S diS= thlvrge^s apj^ed. by using the polarizer plate as the 

cross-Nicol. 

f f -,r.err.in^,nrp to the change of DELTA nd at each wavelength (R: 
Fig. 128 shows the change of the transmittance to me cnduy 
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670 nm, G: 550 nm, B: 450 nm). It can be appreciated from this graph that when the thickness of the 
liquid crystal layer is set to DELTA nd at which luminance in white display attains the maximum, that is, 
to DELTA nd at which the transmittance attains the maximum at the wavelength of 550 nm, the 
transmittance at 450 nm becomes excessively low. Therefore, the thickness of the liquid crystal layer is 
set to a value smaller than the thickness determined from maximum luminance so as to restrict coloring 
in white display. Therefore, luminance in white display is lower than that of the TN mode, and in order 
to obtain white luminance equivalent to that of the liquid crystal display panel of the TN mode, back- 
light luminance must be increased. To increase this back-light luminance, however, power consumption 
of illumination must be increased, and the range of application of the panel is limited. When the 
thickness of the liquid crystal layer is increased by laying stress on white luminance, the transmittance 
becomes excessively low at 450 nm in comparison with the TN mode, and the panel is colored yellow 
in white display. 

To enlarge the viewing angle range, on the other hand, it has been customary to add a phase 
difference film, but when the thickness of the liquid crystal layer becomes great, the color change in the 
direction of the critical angle (transverse direction) becomes so great that even if the retardation value 
of the phase difference film is the same, the color difference becomes greater. 

In the 32th embodiment, the thickness of the liquid crystal layer of each color pixel is individually set so 
that the transmittance becomes maximal when the driving voltage is applied. However, when the 
thickness of the liquid crystal layer is different, a difference occurs in the response speed and the color 
tone cannot be displayed correctly when the operation display is carried out. Therefore, when the 
thickness of the liquid crystal layer is set to a different value for each color pixel, means for making 
uniform the response speed of the liquid crystal becomes necessary. 

Fig. 129 shov/s the change of the liquid crystal response speed to the gap of the protrusions or the slits 
when DELTA nd of the liquid crystal layer is set so that the maximum transmittance can be obtained at 
the three kinds of wavelengths described above. The liquid crystal response speed becomes lower as 
the thickness of the liquid crystal layer becomes greater. In the VA system LCD panel which controls 
the orientation by using the protrusion, the liquid crystal response speed changes with the dielectric 
constant of the protrusion, the shape of the protrusion, the protrusion gap, and so forth. However, when 
the dielectric constant, the shape of the protrusion and its height are constant, the response speed 
becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the 
liquid crystal response speed of 25 ms, for example, in Fig. 129, the gap of the protrusions or the slits 
must be set to 20 mu m for the R pixel, 25 mu m for the G pixel and 30 mu m for the B pixel. 

Fig. 130 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap 
of the protrusions or the slits is set to 20 mu m for the R pixel, 25 mu m for the G pixel and 30 mu m for 
the B pixel from Fig. 129 the transmittance is 80%. 83.3% and 85.7%, respectively, and the differences 
occur in the transmittance. 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of 
each color pixel so that the transmittance attains the maximum when the driving voltage is applied, the 
response speed in each color pixel is rendered coincident by regulating the gap of the protrusions, and 
the area of each color pixel is changed so that the transmittance becomes coincident. 

Fig. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 
not having the R pixel portion but having the G pixel portion having a thickness of 0.55 mu m and the B 
pixel portion having a thickness of 1.05 mu m Is provided to both substrates 16 and 17. The optimum 
condition is calculated for this thickness by simulation for the VA system birefringence mode using the 
n type liquid crystal. Further, the height of the protrusion 20A is set to 2.45 mu m for the R pixel. 1 .9 mu 
m for the G pixel and 1 .4 mu m for the B pixel. Further, the gap of the protrusions is set to 20 mu m for 
the R pixel, 25 mu m for the G pixel and 30 mu m for the B pixel. The area ratio of the B pixel: G pixel:R 
pixel is set to 1:1.03:1.07. In other words, the pixel areas are so set as to satisfy the relation R pixel > G 
pixel > B pixel. 

The structure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1.4 mu nn for the B 
pixel, a protrusion having a width of 5 mu m is formed by photolithography. After a vertical alignment 
film is applied, a 3.6 mu m spacer is sprayed to form a seal, and after bonding and curing of the seal, 
the liquid crystal is charged. In this way. the thickness of the liquid crystal layer is 5.7 mu m for the R 
pixel, 4.6 mu m for the G pixel and 3.6 mu m for the B pixel. 

Fig. 132 shows the panel structure of a modification of the 32th embodiment, wherein a protrusion is 
formed on the CF substrate 16 and a slit 21 is formed on the pixel electrode 13 of the TFT substrate 17. 
In this modification, an acrylic resin structure 71 not having the R pixel portion but having the G pixel 
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portion having a thickness of 1.1 mu m and the B pixel portion having a thickness of 2.1 nriu m is 
provided to the CF substrate 16. After a resist is applied to a thickness of 1.4 mu m for the B pixel, a 
protrusion having a width of 5 nnu m is formed by photolithography. As a result, the height of the 
protrusion is 3.5 mu m for the R pixel, 2.5 mu m for the G pixel and 1 .4 mu m for the B pixel. The gap 
between the protrusion 20A and the slit is set to 20 mu m for the R pixel, 25 mu m for the G pixel and 
30 mu m for the B pixe!. The area ratio of the B pixel:G pixel:R pixel is set to 1:1.03:1.07. 

A biaxial phase difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of 
the G pixel is added to the panels of the 32th embodiment and to its modification produced in the 
manner described above, and the color difference is measured for each of the panel transmittance, the 
viewing angle and the critical angle direction (0 to 80 degrees). The results are shown In Fig. 249. By . 
the way, the measurement results obtained by changing the thickness of the liquid, crystal layer in the 
prior art example are also shown in Fig. 249 as the reference values. 

As can' be appreciated from Fig. 249 the transmittance (luminance) in front can be increased by 
increasing the thickness of the liquid crystal layer to improve the transmittance as represented by the 
prior art example 1 , but because the length of the optical path gets elongated in the direction of the 
critical angle, the transmittance of the square wavelength fluctuates greatly and the color difference 
becomes great. In contrast, in the panels of the 32th embodiment and its modification, the gap of the 
protrusions or the slits is narrowed for the R and G pixels so as to make uniform the response speed of 
the liquid crystal, and the transmittance becomes lower than that of the prior art example 2 as the 
aperture ratio is lower. Nonetheless, because the thickness of each liquid crystal layer is set so that the 
transmittance attains the maximum when the driving current is applied (white display), the color 
difference in the direction of the critical angle becomes small. 

The panels according to the 32th embodiment and its modification can brighten white luminance to the 
level equal to the TN mode without causing coloration of the panels in the broad range of the viewing 
angles. Because the liquid crystal response speed is made uniform so as to correspond to the 
thickness of each liquid crystal layer, display can be obtained with high color reproducibility even when 
dynamic image display is made. 

Next, processes for forming protrusions will be described. 

When protrusions are formed on electrodes 12, 13 of a CF substrate 16 and a TFT substrate 17, the 
electrodes of ITO film are formed, then, a resist is coated on the surfaces and is patterned with a 
photolithography. This process is easily carried out by using conventional techniques. 

However, this process needs a step of creating the pattern of protrusions. If protrusions can be formed 
on the TFT substrate by utilizing the conventional process as it is, an increase in number of steps can 
be avoided. For forming insulating protrusions, it is thought that an insulating layer used in the 
conventional process is further patterned in order to leave the pattern of protrusions intact. For creating 
conducting protrusions, a conductive layer used in the conventional process is further patterned in 
order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. The thirteenth 
33th provides a structure in which an insulating layer used in the conventional process is utilized for 
creating insulating protrusions. In this structure, the ITO electrodes 13 are formed first. An insulating 
layer is formed on the ITO electrodes and portions of the insulating layer coincident with the ITO 
electrodes 13 are removed. At this time, portions of the insulting layer coincident with protrusions 68 
are left intact. The gate electrodes 31 are then formed. An insulating layer is formed and portions of the 
insulating layer other than necessary portions are removed. At this time, if the protrusions are required 
to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left 
intact. Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. 
In the drawing, reference numeral 41 denotes a drain (data bus line), 65 denotes a channel protective 
film, 66 denotes a wiring layer used to separate devices, and 67 denotes an operating layer for 
transistors. The ITO electrodes 13 and sources are linked by holes 

Figs. 134A and 134B are diagrams showing examples of a pattern of protrusions manufactured 
according to the process described in conjunction with the 33th embodiment. Fig. 134A shows linear 
and parallel protrusions used to divide an orientation-divided domain into two regions, and Fig. 134B 
shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 
drawings, reference numerals 68 denotes a protrusion, and 69 denotes a pixel. 

Fig. 135 is a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment 
provides a structure in which a conductive layer used in the conventional process is utilized for forming 
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conducting protrusions. In this structure, first, a TFT light-interceptive metallic layer 70 for intercepting 
light from TFTs is formed, an insulating layer is formed on the metallic layer 70, and ITO electrodes are 
formed thereon. An insulating layer is formed further thereon, data bus lines and TFTs are then formed, 
and an insulating !ayer is formed further thereon. A layer of gate electrodes 31 is then formed. The 
insulating layer is removed except portions thereof coincident with the gate electrodes. At this time, 
portions of the insulating layer coincident with the protrusions 20B are left intact 

Figs. 1 36A and 1 36B show examples of a pattern of protrusions manufactured as described in 
conjunction with the 34th embodiment. Fig. 136A shows linear and parallel protrusions used to divide- 
an orientation-divided domain into two regions, and Fig. 136B shows zigzag protrusions used to divide 
an orientation-divided domain into four regions. In the drawings, reference numeral 20B denotes a 
protrusion. Reference numeral 35 denotes a CS electrode. The CS electrodes 35 are extending along 
the edges of pixel electrodes so as to work as black matrices, but are separated from the protrusions 
20B. This is because the CS electrodes 35 apply a certain voltage to the pixel electrodes (ITO 
electrodes) 13, and that if the voltage were applied to the protrusions 20B, alignment of liquid 
crystalline molecules would be adversely affected 

Figs. 137A to 137D shov^ a process for manufacturing the TFT substrate of the panel of the 35th 
embodiment. As shown in Fig. 137A. the gate electrode 31 is patterned on the glass substrate 17. 
Next, the SiNx layer 40, the amorphous silicon ( alpha -Si) layer 72 and the SiNx layer 65 are serially 
formed. Further, as shown in Fig. 137B, the SiNx layer 65 is etched to the alpha -Si layer 72 in such a 
fashion as to leave only the portion of the channel protecting film. The n alpha -Si layer and the Ti/AI/Ti 
layer corresponding to the data bus line, the source 41 and the drain 42 are formed, and etching is then 
so made by patterning as to leave only the portions corresponding to the data bus line, the source 41 
and the drain 42. After the SiNx layer corresponding to the final protecting film 43 is formed as shown in 
Fig. 137D, etching is then made to the surface of the glass substrate 17 in such a manner as to leave 
the portions 43B and 40B corresponding to the portion necessary for insulation and to the protrusions. 
At this time, the contact hole of the source electrode 41 and the pixel electrode is formed 
simultaneously, too. Further, the ITO electrode layer is formed and patterned, thereby forming the pixel 
electrode 13. Therefore, the height of the protrusion is the sum of the SiNx layer 40 and the final 
protecting film 43. 



Fig. 138 shows the structure of a modification of the panel of the 35th embodiment, and when the SiNx 
layer corresponding to the final protecting film 43 is etched, etching is made up to the upper surface of 
the SiNx layer 40. Therefore, the height of the protrusion is the thickness of the final protecting film 43. 

Figs, 139A to 139E show a process for manufacturing the TFT substrate of the panel of the 36th 
embodiment. As shown in Fig. 139A, the gate electrode 31 is patterned on the glass substrate 17. 
Next the ITO electrode layer is formed and patterned to form the pixel electrode 13. The SiNx layer 40, 
the amorphous silicon ( alpha -Si) layer 72 and the SiNx 65 are serially formed as shown in Fig. 139B. 
Further, the SiNx layer 65 is etched up to the alpha -Si layer 72 in such a fashion as to leave only the 
portion "of the channel protecting film. The n alpha -Si layer is further formed. As shown in Fig. 1390, 
etching is then made up to the surface of the pixel electrode 13 in such a fashion as to leave the 
necessary portions and the portion 40B corresponding to the protrusion. The Ti/AI/Ti layer 
corresponding to the data bus line, the source 41 and the drain 42 is formed as shown in Fig. 139D, 
and is then patterned in such a fashion as to leave only the portions corresponding to the data bus line, 
the source 41 and the drain 42. The n alpha -Si layer and the alpha -Si 72 are etched by using the data 
bus line the source 41 and the drain 42 as the mask. After the SiNx layer corresponding to the final 
protecting film 43 is formed as shown in Fig. 139E. etching is made up to the surface of the pixel 
electrode 13 in such a fashion as to leave the portion necessary for insulation and the portions 438 and 
40B corresponding to the protrusions. . 

The explanation predetermined above explains the embodiments relating to the manufacture of the 
protrusion 20B on the side of the TFT substrate 1 7. but there are various modifications depending on 
the structure of the TFT substrate 17, and the like. In any case, the production cost can be reduced by 
manufacturing the protrusion by conjointly using the manufacturing process of other portions of the I h i 
substrate 17. 

As has been explained already, the protrusion of the dielectric material disposed on the electrode has 
the advantage that stable orientation can be obtained because the direction of regulation of the 
orientation by the slope coincides with the direction of regulation of the orientation by the electnc field at 
the protrusion portion. However, the protrusion is the dielectric material disposed on the electrode and 
the alignment film is formed on the protrusion. For this reason, the inside of the liquid crystal cell 
becomes asymmetric between a pair of electrodes, and the charge is likely to stay with the application 
of the voltage. In consequence, the residual DC voltage becomes high, and the problem of so-called 
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"burn" occurs if the area of the projection is relatively large. 

Figs. 140A and 140B show the relationship between the thickness of the dielectric material on the 
electrode and the residual DC voltage. Fig. 140A is a graph showing this relationship and Fig. 140B 
shows the portion corresponding to the thickness d of the dielectric nnaterial and the position of the 
occurrence of "burn". The vertical alignment film 22. too. is the dielectric material, and the sum of the 
height of the protrusion and the vertical alignment film 22 corresponds to the thickness d of the 
dielectric material as shown in Fig. 140B. The residual DC voltage increases with the increase of d as 
shown in Fig. 140A. Therefore, burn is likely to occur at the portion of the protrusion 20 shown in Fig. 
140B. This also holds true of the case where the dielectric depression is formed on the electrode as in 
the eighteenth embodiment shown in Fig. 93. The 37th embodiment to be explained next is directed to 
prevent the occurrence of such a problem. 

Figs. 141 A and 141 B show the structure of the protrusion in the 37th embodiment. Fig. 141 A is a 
perspective view of the protrusion 20 and Fig. 141 B is a sectional view. As shown in these drawings, 
the protrusion 20 has a width of 7 mu m, the width of its upper surface is about 5 mu m and its height is 
about 1 to 1.5 mu m. A large number of fine pores are formed on this upper surface, and each fine pore 
has a diameter of not greater than 2 mu m. 

Figs. 142A to 142E are drawings showing a method of forming the protrusion (on the side of the CF 
substrate) having such fine pores. As shown in Fig. 142A, the glass substrate having the opposed ' 
electrode 12 of the ITO film formed thereon is washed. A photosensitive resin (resist) is applied and is 
then baked to form a resist layer 351 as shown in Fig. 142B. A mask pattern 352 permitting light to 
transmit through the portions other than the protrusion and the pore portions is brought into close 
contact with the resist layer 351 and then exposure is effected. The protrusion 20 shown in Fig. 142D is 
obtained by then carrying out development. When baking is made further, the protrusion 20 undergoes 
shrinkage, and the side surface changes to the slope as shown in Fig. 142E. 

When the substrate having the fine pores formed in the protrusion described above and the substrate 
not having the pores are assembled and the residual DC voltage is measured by a flicker erasure 
method (DC: 3 V, AC: 2.5 V, temperature: 50 C, DC application time: 10 minutes), the residual DC 
voltage is 0.09 V when the fine pores are formed and is 0.25 V when they are not formed. Because the 
residual DC voltage is reduced in this manner, seizure becomes more difficult to occur. 

The liquid crystalline molecules are oriented perpendicularly to the slopes of the protrusions, etc. and to 
the electric field. It has been found out, however, when the gap of the protrusions becomes smaller to 
the size approximate to the fine pores, the liquid crystalline molecules are not oriented to the slope of 
the fine portions. Therefore, the liquid crystalline molecules are affected at the upper surface portion of 
the protrusions by the influences of the orientation due to the slopes on both sides and are oriented 
along this orientation. 

Fig. 143 shows the protrusion structure of the 38th embodiment. In the 38th embodiment, a groove 
having a width of 3 mu m and a small thickness is disposed below the protrusion 20B having a width of 
7.5 mu m on the TFT substrate side. Further, a chromic shading layer 34 is disposed below the 
protrusion 20B. Such a protrusion 20B can be manufactured by the same method as.that of the 37th 
embodiment. When the residual DC voltage is measured for the protrusion structure of the 38th 
embodiment, it is 0.10V, and the result substantially equal to that of the 37th embodiment can be 
obtained. 

In the protrusion structure of the 38th embodiment, the liquid crystalline molecules are not oriented at 
the groove portion in the direction perpendicular to the substrate when no voltage is applied, and the 
vertical orientation property gets deteriorated in some cases. However, because the shading film 34 is 
disposed, leaking light due to abnormal orientation at this portion is cut off and does not invite the drop 
of the contrast. 

Next, the shape of a section of a resist was examined. Normally, the resist has a section like the one 
shov/n in Fig. 144A immediately after completion of patterning. However, in the mode of the present 
invention, a cylindrical section having a rather smooth slope contributes to more stable alignment. 
Substrates immediately after being patterned were baked at 200 PEG C, whereby the sectional shape 
of the resist was changed into the one shown in Fig. 1448. Figs. 145A to 145E are diagrams showing a 
change in sectional shape of the resist deriving from a change in temperature at which the patterned 
resist is baked. Even when the baking temperature was raised to 150 DEG C or more, a further change 
in sectional shape was limited 

Talking of the reasons why the resist was baked at 200 DEG C, aside from a reason that the sectional 
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shape of the resist is intended to be changed, there is another important reason. That is to say, when 
the resist employed in the prototypes is baked normally (at 135 DEG C for 40 min.), It is melted while 
reacting upon a solvent applied to an alignment film. In this embodiment, the resist is baked at a high 
enough temperature before the alignment film is formed, and thus prevented from reacting upon the 
alignment film 

In the first embodiment, the resist is baked at 200 DEG C in order to make the sectional shape of the 
resist cylindrical. Data that has been described so far was acquired using the pattern of protrusions 
whose sectional shape is cylindrical. 

in the foregoing examples, the sectional shape of a resist is made cylindrical by optimizing the baking 
temperature. Depending on the line width of a resist, the resist becomes cylindrical naturally. Figs. 
146A to 146C are diagrams showing the relationships between the line width of a resist and the 
sectional shape thereof. When the line width is about 5 micrometers, the resist has a preferable 
cylindrical shape naturally. Presumably, therefore, when the line width is about 7 micrometers or less, a 
resist having a naturally cylindrical sectional shape can be formed. !n an existing display, the line width 
of 5 micrometers can actually be adopted. Depending on the performance of an exposure device, even 
when the line width is in the unit of submicrons, the same alignment can be thought to be attained in 
principle. 

When a protrusion is used as the domain regulating means, furthermore, it becomes necessary to form 
a vertical alignment film thereon. Figs. 147A and 147B are sectional views of a conventional panel 
using protrusion as a domain regulating means, and Illustrates the protrusion. Referring to Fig. 147A, 
on the substrates 16 and 17 are formed color filters and bus lines as well as ITO electrodes 12 and 13. 
Protrusions 20A and 20B are formed thereon, and vertical alignment films 22 are formed on the ITO 
electrodes 12 and 13 that include the protrusions 20A and 20B. 

When the protrusion is formed by using the positive-type photoresist such as a TFT flattening agent 
HRC-135 manufactured by JSR Co. the surface exhibits poor wettability to the vertical alignment film, 
expels the material of the vertical alignment film that is applied, and makes it difficult to form a vertical 
alignment film on the surface of the protrusion. Fig. 1478 shows this condition. Therefore, it causes a 
problem in that no vertical alignment film 22 is formed on the surfaces of the protrusions 20A and 20B. 
The protrusions 20A and 20B having no vertical alignment film 22 formed on the surfaces thereof, do 
not help obtain a desired orientation. Therefore, light-leakage occurs from the protrusions to deteriorate 
the quality of display. A 39th embodiment is to solve this problem. 

According to the 39th embodiment, the surface of the protrusion is treated so that the material of the 
vertical alignment film easily adheres onto the surface of the protrusion. As the treatment for enabling 
the material of the vertical alignment film to easily adhere to the surface of the protrusion, it can be 
contrived to form fine ruggedness on the surface of the protrusion so that the material of the alignment 
film can be favorably applied thereto, or the wettability of the surface of the protrusion can be enhanced 
relative to the material of the vertical alignment film. When fine ruggedness is formed on the surface of 
the protrusion, the liquid of the alignment film stays In the concave portions, and the material of the 
alignment film' is less expelled by the surface of the protrusion. The ruggedness can he formed by 
either a chemical treatment or a physical treatment. As the chemical treatment, ashing can be 
'effectively employed. 

Figs 148A to 148C are diagrams illustrating a method of forming protrusions according to a 39th 
embodiment based on the ashing treatment. Referring to Fig. 148A, a protrusion 20 is formed by using 
the photoresist on the electrode 13 (which. In this case, is a pixel electrode 13 but may be an opposing 
electrode 12). The protrusion 20 has the shape of. for example, a stripe of a width of 10 mu m and a 
height of 1 5 mu m The protrusion is annealed to assume the shape of a dome in cross sectiori. The 
surface of protrusion on the substrate is subjected to the ashing treatment using a conventional plasma 
asher. Through the plasma ashing, fine dents are formed on the surface of the protrusion as shown in 
Fig 148B The thus obtained substrate is washed, dried, and onto which a vertical orientation member 
is applied by using a printer. Due to the effect of ruggedness formed on the protrusion the orientation 
member is not expelled, and a vertical alignment film is formed on the whole surface of the protrusion 
as shown in Fig. 148C. Thereafter, the processing is executed in the same manner as that ot the 
ordinary multi-domain VA system. The thus obtained liquid crystal display device exhibits favorable 
display properties without defect that stems from the expulsion of the alignment film. 

Another example of the ashing treatment will be an ozone ashing treatment exhibiting the same effect 
as that of the plasma ashing treatment. 

As a physical method of forming ruggedness, the substrate is washed with a brush by using a substrate 
h ttn:/^2. c ^ .na c ^t.com /espacenet/d.s c->f .G^e n (^CY^gb&DB=EPD&PNP^EP0884626&PN... 2003/1 1/14 



espiS'cenec - uocumeni uescnpuon 



43 M • KM m. 



washing machine after the protrusion has been annealed. This forms ruggedness in the form of str^es 
on the protrusion. Other examples of the method of physically forming ruggedness include effecting the 
rubbing by using a rubbing device as shown in Fig. 149A, and transfemng ruggedness of a rol^r 103 
by pushing the rugged roller 103 onto the substrate on which the protrusion 20 has been formed as 
shown in Fig. 149B. 

Fig 150 is a diagram illustrating the irradiation with ultraviolet rays In order to enhance the wettability of 
thi surface of the protrusion relative to the material of the vertical alignment film. As descr bed above, a 
protmsion 20 same as that of Figs. 148C is formed on the substrate by using a photoresist. By using an 
excimer UV irradiation apparatus, the substrate is irradiated with ultraviolet rays of a mam wavelength 
of 1 72 nm in an environment in which an oxygen concentration is not lower than 20% in a dosage of 
1000 mJ/cm This helps improve the wettability of the surfaces of the substrate and of the Protrusion 
relative to the material of the vertical alignment film. The thus obtained substrate is washed, dned, and 
s coated vv^h The vertical orientation member by using a printer. Since wettability has been improved 
by the irradiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment 
film is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the 
same manner as hat of the ordina.7 multi-domain VA system. The thus obtained liquid crystal display 
device exhibits favorable display properties without defect that stems from the expulsion of the 
alignment film. 

Fiqs 151 A and 151B are graphs illustrating a change in the expulsion factor of the material of the 
vertical alignment film of when the conditions are changed in which the protrusion formed of a 
pho orList isTadiated with ultraviolet rays. Fig. 151 A is a graph illustrating a relationship ari.^^^^^^ 
wavelength dosage (radiation quantity) and expulsion factor (repellent occurrence ratio). U traviolet 
Tays hav^g a wavelength of not longer than 200 nm are effective. When the waveleng h is longer than 
200 nm the improvement is accomplished to only a small degree When the ultraviole rays have a 
wavelength of not longer than 200 nm. furthermore, no expulsion (repellent) occurs with the dosage of 
Tooo mJ/cm Fig. 151 B is a graph illustrating a relationship between the oxygen concentration and the 
expulsTon factor of when the protrusion is irradiated with ultraviolet rays having a wavelength of no 
fon'ge than 200 mn with a dosage of 1000 mJ/cm. In an environment where '^^^ °'<y9^" 
is low ozone is not generated in sufficient amounts and the improvement is ^coomplished li tle^ 1 is 
he°efore d.esired thit the protrusion is irradiated with ultraviolet rays having a wavelength of not longer 
than 200 nm in an environment in which an oxygen concentration is not lower than 20 /o with a dosage 
of not smaller than 1000 mJ/cm. 

As an apparatus for generating ultraviolet rays having a wavelength of not longer 

can be used a low-pressure mercury lamp in addition to the above-mentioned excimer UV irradiation 

apparatus. 

In the above-mentioned processing, the substrate was washed and dried after irradiated with ultraviolet 
rays HoweveT thSstrate may be irradiated with ultraviolet rays after it has been washed and dned. 
n'this case Jnce the protrusion^ irradiated with ultraviolet rays l^' P^'°; '° P-';"|3^,;^,f ^nment film 
thereon, wettability is not impaired by being left to stand after it is irradiated or by washing. 

Repellence on the protrusion can be drastically improved if a silane coupling agent, an alignment film 
solvenretl are applied before the alignment film is applied, and then the alignment film is formed^ 

protrusion. Incidentally, N-methylpyrrolidone (NMP) may be ^PP^^ed^r, Place of HMoa F^^^^^^^^ 
of the vertical alignment film may be earned but in a sealed NMP ^''^"sphere ana ^ vents 
vertical alignment film can be formed satisfactorily on the ^^^rface of the prot usion^V^ so 
are available as the solvent to be applied before the fo^^^'f" °f '^^..''f /'^^^^ for 
gamma-butyrolactone, methyl cellosolve, etc, as the solvent of the alignment film can be u 

example. 

Fin.; 1 H9A to 1 52C are explanatory views useful for explaining an example of the P'°'^"''^'°." 
thfprltution in m';"mhTro11^ and represents an example wherein tJ^f^P-J^-^-^S^n 

Tbbd-Th^eira^^^^^^^^^^ 
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from the surface to form holes. In other words, fine concave-convexities are formed on the surface of 
the protrusion 20A. For this reason, wettability can be improved when the vertical alignment film is 
applied. 

To increase the number of concave-convexities on the surface of the protrusion in the embodiment 
described above, the proportion of the fine alumina particles to be mixed with the resist must be 
increased. When the proportion of the fine alumina particles exceeds 20%, however, the 
photosensitivity of the resist drops and patterning can not be carried out by exposure. Figs. 153A to 
153C show a method of manufacturing the protrusion when the number of the concave-convexities on 
the surface of the protrusion must be increased. 

A non-photosensitive resin containing a great proportion of fine alumina particles 357 having a grain 
size of not greater than 0.5 mu m is applied onto the electrode 12 as shown in Fig. 153A. Further, as 
shown in Fig. 153B, a resist is applied to the surface of the resin, and exposure and development are 
carried' out by using a photomask 358 shading the protrusion portion. Because the resist remains at 
only the portions corresponding to the photomask 358. the non-photosensitive resin at portions other 
than the protrusion portion is removed by etching. When baking is carried out further, the protrusion 
20A can be obtained as shown in Fig. 153C. The concave-convexities are formed similarly on the 
surface of the protrusion 20A but because the proportion of the fine alumina particles 357 mixed is 
great, a large number of concave-convexities are formed, and wettability can be much more improved 
than in the embodiment shown tn Fig. 154 when the vertical alignment film is applied. 

Figs. 1 54A and 1 548 show another manufacturing method of the concave-convexities on the surface of 
the protrusion by the fine particles. In this example, after the resist 360 is applied to the surface of the 
electrode 12, the fine alumina particles 361 are sprayed and allowed to adhere to the surface of the 
resist 360. followed then by pre-baking. Thereafter, the protrusion is patterned in the same v/ay as in 
the prior art, and the protrusion 20A shown in Fig. 1548 can be obtained. When this protrusion 20A is 
washed, the fine alumina particles 361 exist on the surface of the protrusion 20A and fall off from the 
surface to define the holes. In consequence, the concave-convexities are formed. 

Figs. 155A and 155B are explanatory viev/s useful for explaining an example of the manufacturing 
method of the protrusion in the 39th embodiment, and represents the example wherein a protrusion 
material is foamed to form the concave-convexities on the surface of the protrusion. The resist for 
forming the protrusion 20 is first dissolved in a solvent such as PGMEA (Propylene Glycol MonoMethyl 
Ether Acetate), for example, is applied by a spinner and is then pre-baked (pre-cured) at 60 DEG C. 
Under this state, large quantities of the solvent remain inside the resist. Patterning is then carried out 
by exposure and development by using a mask. 

According to the embodiments as described above, as shown in Fig. 156 with a broken line, the 
temperature is gradually raised inside a clean oven up to 200 DEG C in the course of 10 minutes, is 
held at this temperature for longer than 75 minutes and is gradually returned to the norma! temperature 
in the course of 10 minutes. In contrast, according to this embodiment, as shown in Fig. 156 with a 
continuous line, the substrate is placed on a hot plate at 200 DEG C and is heated for 10 minutes. At 
this time, about one minute time is necessary to raise the substrate temperature to 200 DEG C. 
Thereafter, the substrate is left standing for cooling for 10 minutes to the normal temperature. When 
quick heating is carried out in this way, the solvent inside the resist is bumped and bubbles 362 are 
formed inside the resist as shown in Fig. 155A. The bubbles 362 are emitted outside from the surface 
of the protrusion 20 as shown in Fig. 155B. At this time, the traces 363 of the bubbles are left on the 
surface of the protrusion, forming thereby the concave-convexities. 

Incidentally, when the resist dissolved in the solvent is stirred before the application and the bubbles 
are introduced into the resist, foaming is more likely to occur than when the resist is quickly heated. 
Stirring may be carried out while a nitrogen gas or a carbonic acid gas is being introduced. According to 
this method, the bubbles of the gas are introduced into the resist and a part of the gas is dissolved in 
the solvent, so that formability at the time of heating increases. Water of crystallization which emits 
water at about 120 to about 200 DEG C or a clathrate compound which emits a guest solvent may be 
mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica 
ge! adsorbing a gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the 
silica gel at the time of heating and consequently, foaming is more likely to occur, incidentally, the solid 
material to be mixed must be smaller than the' height of the protrusion and its width, and must be 
pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed 
in the protrusion in the 38th embodiment, and according to such structures, the vertical alignment film 
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can be formed more easily on the surface of the protrusion. Figs. 157A to 157C show another nnethod 
of forming the protrusion having the grooves such as those of the 38th embodiment. 

As shown in Fig. 157A, the protrusions 365 and 366 are formed adjacent to one another by using a 
photoresist which is used for forming a micro-lens. The patterning shape of this micro-lens can be 
changed depending on the light reflection intensity, the baking temperature, the composition, and so 
forth, and when the suitable baking condition is set, the protrusion collapses and changes to the shape 
shown Fig. 157B. When the vertical alignment film 22 is applied to this shape, as shown in Fig. 157C. 
the vertical alignment film 22 can be formed satisfactorily because the center of the protrusion 20 is 
recessed. After the material described above is applied to a thickness of 1 .5 mu m, the protrusions 365 
and 266 are patterned to a width of 3 mu m and a gap of 1 mu m between the protrusions. The film is 
then baked at 180 DEG C for 10 to 30 minutes. As a result, tv/o protrusions are fused to each other to 
form the shape shown in Fig. 157B. A desired shape can be obtained by controlling the baking time. 
The protrusions 365 and 266 can be fused to one another when the height is from 0.5 to 5 mu m. the 
width is from 2 to 10 mu m and the gap is within the range of 0.5 to 5 mu m. When the height of the 
protrusions is greater than 5 mu m. this height affects the cell thickness (thickness of the liquid crystal 
layer) and impedes injection of the liquid crystal. When the width of the protrusion is smaller than 2 mu 
m on the other hand, the orientation limiting force of the protrusion drops. Furthermore, when the gap 
between the protrusions exceeds 5 mu m. the two protrusions cannot be fused easily and when it is 
smaller than 0.5 mu m, the depression can not be formed at the center. 

In the foregoing was described the treatment for improving wattability of the protrusion relative to the 
material of the alignment film according to the 39th embodiment. Here, the protrusion may have any 
pattern and may not be of the shape of a dome in cross section. Moreover, the matenal forming the 
protrusion is not limited to the photoresist but may be of any material provided it is capable of forming a 
protrusion in a desired shape. By taking Into consideration the chemical or physical formation of 
ruggedness in a subsequent process, however, it is desired to use a matenal which is soft, is not easily 
peeled off and can be subjected to the ashing. The materials satisfying these conditions v/ill be 
photoresist black matrix resin, colored filter resin, overcoating resin, and polyimide resin. These organic 
materials make it possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, v/ettabllity of the surface of the protrusion is 
Improved for the material of the alignment film, making It possible to prevent a trouble in that the 
alignment film is not formed on the surface of the protrusion, the quality of display is improved and the 
yield is improved. 

In the past a so-called black matrix Is placed on the perimeter of each pixel in order to prevent 
deterioration of contrast deriving from leakage of light passing through a region between pixels. Fig. 

158 is a diagram showing the structure of a panel of a prior art provided with black matrices. As 
illustrated a red filter 39R. green filter 39G, and blue filter 398 that coincide with red. green and blue 
pixels are'formed on a color filter (CF) substrate 16. and ITO electrodes 12 are formed on the CF 
substrate Furthermore, black matrices 34 are formed on the borders among the red. green and blue 
pixels Data bus lines and gate bus lines or TFT devices 33 are formed together with ITO electrodes 13 
on a TFT substrate 17. A liquid-crystal layer 3 is interposed between the two substrates 16 and 17. 

Fig 159 is a diagram showing the structure of a panel of the 40th embodiment of the present invention, 
and Fig 160 is a diagram showing a pattern of protrusions over pixels In the 40th embodiment As 
Illustrated, the red filter 39R. green filter 39G. and blue filter 398 are formed on the CF substrate 16 As 
shown in Fiq 160. the protrusions 20A for controlling alignment, which are included in the liquid crystal 
panel of the first embodiment, are formed on the CF substrate 16. though they are not shown in Fig. 

1 59 The protrusions 20A are made of a light-interceptlve material. Protrusions 61 are formed on the 
perimeters of pixels. The protrusions 61 are also made of a light-lnterceptive material and function as 
black matrices. The necessity of forming the black matrices 34 like in the P!^'^'',^^^ ^^^'f^^^^' J.^^^ 
protrusions 61 functioning as black matrices can be formed concurrently with the P-^of^f'^^^^lOA^. ^ 
Using this process of manufacturing, the step of creating black matrices in course of crea ir^^^^ 

CF substrate 16 can be omitted. Reference numeral 62 denotes a TFT in each pixel. The protrusions 
61 are designed to Intercept light from the TFTs. 

In Fig 159 the protrusions 20A and 61 are formed on the CF substrate 16. Aiternatlvely, the 
protrus ons 61 or 20A or both of them may be formed on the TFT substrate 17. Owing to this struc ure. 
a mismatch between the CF substrate 16 and TFT substrate 17 occurring dunng bonding need no be 
Taken Into account. Consequently, the numerical aperture of the panel and the yield of a bonding step 
can be Improved outstandingly. Assuming that the CF substrate 16 Is provided with black matrices, 
when the ITO electrodes 13 on the TFT substrate 17 and open portions (portions without the black 
matrices) of the CF substrate 16 are designed to be mutually identical. If a bonding mismatch occurred 
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in the process of manufacturing the panel, the mismatch region would cause light leakage. This 
disables normal display. Generally, even if a high-precision bonding machine is employed, a matching 
error of about +/- 5 micrometers ( mu m) is present. A corresponding margin must therefore be 
preserved In consideration of the margin, an aperture for each black matrix is designed to be smaller. 
Thus the above problem is coped with. That is to say, each black matrix is designed to invade into an 
ITO electrode 13 formed on the TFT substrate 17 by about 5 to 10 micrometers. When the protrusions 
61 are formed on the TFT substrate 17. the panel is free from the adverse effect of the bonding 
mismatch. Consequently, the numerical aperture can be maximized. This advantage becomes greater 
as each pixel of the panel gets smaller, that is. as a resolution improves. For example, in this 
embodiment, a substrate having ITO electrodes of pixels of which width is 80 micrometers and height is 
240 micrometers is employed, in any of the conventional modes, since a margin of 5 micrometers is 
needed the width and length of the aperture become 70 micrometers and 230 micrometers 
respectively and the area of an aperture for each pixel becomes 16100 square micrometers. By 
contrast in this embodiment, the area of the aperture for each pixel is 1 9200 square micrometers. The 
numerical aperture is improved to be approximately 1.2 times larger than the one permitted by the 
conventional mode For realizing a display that offers twice as high a resolution as the one provided by 
the panel, the width and length of an electrode are 40 micrometers and 120 micrometers respectively. 
In the conventional mode the area of the aperture for each pixel is 3300 square micrometers. In this 
embodiment the area of the aperture for each pixel is 4800 square micrometers and thus improved to 
be approximately 1.5 times higher than the one permitted by the conventional mode. Thus, the higher 
the resolution is, the greater the advantage is. 

*Fig. 161 is a diagram showing a pattern of a black matrix (BM) according to a 41th embodiment. It was 
described above that light leaks at the domain regulating means. A minute domain having an 
orientation angle 90 DEG different located at about the top of the protrusion can be used as descnbed 
above The light leaks however, unless a stable onentation can be secured at about the top of the - 
protrusion For the contrast to be improved, therefore, the domain regulating means is preferably 
masked One method of masking the protrusion is to form the protrusion of a light-shielding matenal. 
According to the 41th embodiment, however, the domain regulating means is masked by use of a black 
matrix (BM). 

As described above, the BIVI 34 is used for shielding the leakage light at the TFT and the boundary 
between the cell electrode and the bus line. The 41th embodiment, however, uses the BM also at the 
domain regulating means. Consequently, the leakage light at the the domain regulating means can be 
masked for an improved contrast. 

Flq 162 is a sectional view of a panel according to a 41st embodiment. As shown, the BMs 34 are 
arranged at positions corresponding to the protrusions 20A. 20B. the TFT 33, and the interval between . 
the bus lines (only the gate bus line 31 is shown) and the cell electrodes 13. 

Fiq 163 shows a pixel pattern according to a 42nd embodiment. Conventionally, a delta arrangemerit is 
known in which the display pixels, which are substantially square in shape, are arranged in adjacent 
columns one half of a pitch displaced from each other. In a color liquid crystal display device, a set of 
color pixels is configured of three adjacent pixels of 13B. 13G. 13R. Each pixel is almost square in 
shape and as compared with a 1-to-3 rectangle, an equal proportion of liquid crystalline molecules can 
be easily secured in each direction of division without reducing the protrusion interval considerably. In 
such a case the data bus line is extended in zigzag along the perimetric edge of the pixel. In this way. 
the delta arrangement is very effective in the case where a protrusion arrangement or a depression 
arrangement is continuously formed over the entire substrate surface for orientation division. 

The 43rd embodiment to be described next is an embodiment using the protrusions for controlling 
alignment or the protrusions 61 serving as black matrices in the 40th embodiment as spacers. As also 
shown in Fig 19 spacers are used to retain the distance (gap) between two substrates (thickness of 
cells) at a predetermined value. Fig. 164 is a diagram showing the structure of a panel of a prior art, 
wherein spacers 45 are placed on borders between pixels and define the thickness of ceils. 1 he 
spacers 45 are, for example, spheres having a predetermined diameter. 

Figs. 165A and 165B are diagrams showing the structure of a panel of the 43rd embodiment. Fig^ 165A 
shows the structure of the panel of the 43rd embodiment, and Fig. 165B shows a modification^ As 
shown in Fig. 165A. in the panel of the 43rd embodiment, protrusions 64 formed on the perime e s of 
pixels are made as thick as cells, and thus define the thickness of cells^ In the drawing, the protrusions 
64 are formed on the TFT substrate 17. Alternatively, the protrusions 64 rnay be formed on the CF 
substrate 16. This structure obviates the necessity of including spacers No liquid crystal 'S Preserit at 
the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protrusions 
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(eel! holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black 
matrices are therefore unnecessary, and the protrusions 64 need not be made of a iight-interceptive 
material but can be made of a transparent material. 

In the 43rd embodiment shown in Fig. 165A, the protrusions 64 define the thickness of cells. The 
precision in thickness of cells is dominated by the precision in forming the protrusions, and is therefore 
poorer than that permitted when the spacers are used. A panel having the structure of the sixteenth 
embodiment was actually produced. As a result, a level of uncertainty in thickness of cells can be 
controlled within +/- 0.1 micrometers. This level would not pose any particular problem in practice. 
However, this structure is unsuitable when the thickness of cells must be controlled strictly. The 
modification shown in Fig. 167B is a structure intended to solve this problem. In the modification shown 
in Fig. 167B, the spacers 45 are mixed in a resin to be made into the protrusions 65, and the resin Is 
applied to the substrate. The substrate is then patterned in order to form the protrusions, in this 
modification, the merit of the 43rd embodiment that the spacers are unnecessary is lost, but there is a 
merit that the thickness of cells can be defined irrespective to the precision in drawing a' pattern of 
protrusions. A panel having the structure shown in Fig. 167B was produced actually. The thickness of 
cells could be defined so precisely that an error falls within +/- 0.05 micrometers. Nevertheless, the 
spacers are still needed. However, since the spacers are mixed in a resin, the spacers are arranged 
while the resin is being applied. This obviates the necessity of scattering the spacers at a panel 
production step. The number of steps included in the process does not increase. 

Figs. 166A and 166B are diagrams showing another modifications of the 43rd embodiment. Fig. 166A 
shows a structure in which the protrusions 64 of the 43rd embodiment are replaced v/ith protrusions 81 
made of a light-interceptive material, and Fig. 1668 shows a structure in which the protrusions 65 
shown in Fig. 165B are replaced with protrusions 82 made of a light-interceptive material. As 
mentioned above, in Figs. 165A and 165B, the protrusions 64 and 65 may be made of a transparent 
material. The protrusions can still fill the role of black matrices. However, when the protrusions are 
made of the light-interceptive material, perfect light interception can be achieved. 

Fig. 167 is a diagram showing a modification of the 43rd embodiment. Protrusions 83 are formed on the 
CF substrate 16 and protrusions 84 are formed on the TFT substrate 17. The protrusions 83 and 84 are 
brought into contact with each other, thus defining the thickness of cells. An effect exerted is the same 
as the one exerted by the 43rd embodiment and its modification. 

In the 43rd embodiment and its modification, protrusions lying on the perimeters of pixels are used to 
define the thickness of cells. Protrusions for controlling alignment, for example, the protrusions 20A 
shown in Fig. 160 may be used to define the thickness of cells. 

Furthermore, in the 40th embodiment, 43rd embodiment, and modifications of the 43rd embodiment, 
protrusions are formed all over the perimeters of pixels. Alternatively, the protrusions may be formed on 
parts of the perimeters of the pixels. For example, the protrusions 61 , 64 and 81 to 84 in the 43rd 
embodiment and its modification may be made of a light-interceptive material and formed along one 
sides of only TFT portions of pixels, that is, portions 62 shown in Fig. 59. As mentioned above, as far 
as a so-called normally black-mode panel that, like a vertically-aligned (VA) panel, appears in black 
when no voltage is applied to ITO electrodes is concerned, even if the black matrices are excluded, 
light leakage hardly poses a problem. In this embodiment, therefore, only the TFT portions of pixels are 
coated with a light-interceptive resin but the drain bus lines and gate bus lines surrounding the pixels 
are not coated therewith. As mentioned above, as the number of light-interceptive regions decreases, 
the numencal aperture improves accordingly. This is advantageous. The structure in which protrusions 
are formed along only the TFT portions can be adapted to the 43rd embodiment and its modifications 
shown in Figs. 165A to 169. 

In the 43rd embodiment, the black matrix is provided with the function of the spacer but according to 
the prior art, spherical spacers having a diameter equal to the cell thickness are sprayed on one of the 
substrates having the vertical alignment film formed thereon and then the other substrate is bonded. 
When the protrusion ts formed on the electrode, however, a part of the spacers so sprayed is 
positioned on the protrusion, if the diameter of the spacers is equal to the cell thickness in the case 
where no protrusion is formed, the cell thickness becomes greater than the desired thickness due to 
the existence of the spacer on the protrusion. Further, when any force is applied from outside to the 
panel that is once assembled and the spacers move on the protrusion, the cell thickness becomes 
greater at that portion and the problem of non-uniform display develops. The forty-fourth embodiment to 
be next explained is directed to solve this problem by decreasing the diameter of the spacers in 
consideration of the thickness of the protrusion. 

Figs. 168A to 168C show the panel structure of the 44th embodiment. Fig. 168A shows the TFT 
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substrate 17 before assembly. Fig. 168B shows the CF substrate 16 before assembly and Fig. 168C 
shows the assembled state. As shown in Figs. 168A and 168B, the protrusion 20A is formed on the 
electrode 12 of the CF substrate 16 and the vertical alignment film 22 is further formed. The protrusion 
20B is formed on the electrode 13 of the TFT substrate 17 and the vertical alignment film 22 is before 
assembly and further formed. The protrusions 20A and 208 have the same height of 1 mu m and are 
assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness 
is 4 micrometers ( mu m). and the diameter of the spacer 85 made of a plastic matenal ts 3 mu m which 
is the balance obtained by subtracting the height of the protrusion from the cell 163 A thickness. As 
shown in Fig 168A 150 to 300 pcs/mm of spacers 85 are sprayed (sprinkled) on the TFT substrate 17. 
A seal is formed from a bonding resin on the CF substrate 16 and the CF substrate 16 is bonded to the 
TFT substrate 17 The spacers 85 are positioned on the protrusions 20B or below the protrusions 20A 
at a certain probability as shown'in Fig. 168C. This probability corresponds to the proportion of the 
areas of the protrusions 20A and 20B to the entire area. Under the state shown in Fig. 168C. the cell 
thickness is limited by the spacers positioned on the protrusions 20B or below the protrusions A and 
the thickness of the protrusions. The spacers 45 existing at portions other than the protrusions 20A and 
20B are floating spacers that do not affect the cell thickness. Since the cell thickness is limited by the 
protrusions 20A and 20B, the cell thickness hardly exceeds the desired value. Even when the spacers 
at portions other than the portions of the protrusions move to the protrusion portions during the use of 
the panel the cell thickness does not become thick, and even when the spacers existing at the 
protrusion portions move to the portions other than the protrusion portions, they change to only the 
floating spacers. 

Fiq 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and 
the cell thickness. When the scattered density of the spacers is 100 to 500 pcs/mm the cell thickness 
falls within the range of 4 mu m +/- 0.5 mu m. 

Next Fig 1 72 shows the experimental result of variance of the ceil thickness that occurs when a force 
is applied from outside to the panel, and the scattered density of the spacers. It can be appreciated 
from this result that when the scattered density is lower than 150 pcs/mm, variance is likely o occur 
again t the force applied, and when the scattered density exceeds 300 pcs/mm. vanance is likely to 
occur against the tensile force. Therefore, the optimum scattered density is 150 to 300 pcs/mm. 

In the manufacturing process of the liquid crystal display panel, ionic impurities are sometimes 
entrapped and ions contained in the liquid crystal and ions eluting from the alignment film, the 
protrusion forming material, the seal material, etc. mix in the liquid crystal panel in some cases. When 
the ions mix into the liquid crystal panel, the specific resistance of the panel drops so that the effective 
voltage applied to the panel drops, too. thereby resulting in bum of the display and in the drop of the 
voltage retention ratio. In this way. mixing of the ions into the panel lowers display performance and 
reliability of the liquid crystal panel. 

For these reasons, the ion adsorption capacity is preferably provided to the dielectric protrusion formed 
on the electrode, used as the domain regulating means in the embodiments descnbed above. There 
are two methods of providing the ion adsorption capacity to the protrusion. The first rnethod irrad ates 
the ultra-violet rays and the second adds a material having the ion adsorption capacity to the matenal 
of the protrusion. 

Surface energy of the protrusion forming material rises when the ultra-violet rays are irradiated to the 
material. Consequently, the ion adsorption capacity can be improved. The surface energy gamma can 
be expressed by the sum of the polarity term gamma p of the surface energy and its sea ter term 
gamma d. The polarity term is based on the Coulomb electrostatic force and the scatter term, on the 
scatter force among the van der Waals force. When the uttra-violet rays are irradiated, bonding at 
portions having a low bonding energy is cut off. and oxygen in air combines with ^^^^^ 
Accordingly, the polarizability of the surface increases, the polarity term becomes great and the surface 
energy increases. When the degree of polarization increases, the ions become more likely to be 
adsorbed to the surface. In other words, the surface of the protrusion comes to possess the ton 
adsorption capacity when the ultra-violet rays are irradiated. It is preferred t^^^electively irradiate the 
ultra-violet rays to only the protrusions when irradiating the ultra-violet rays, but because the bonds of 
the protrusion forming material are more likely to be cut off than the bonds on surface of the 
substrates, only the protrusions come to possess the ion adsorption ^^paaty even when the uitra^^^^^^^^^ 
rays are ir;adiated to the entire surface of the panel. The vertical alignment film is formed after the ultra 
violet rays are irradiated. 

An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel, alumina, zeolite etc, are 
known as the materials having the ion adsorption capacity. Among them, the lon exchange res n 
exchanges the ions, and supplements the ions that have existed as impunties from the beginning. 
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Instead, it discharges other ions and for these reasons, it Is not suitable for the protrusion forming 
material. Among the materials having the ion supplementing capacity, some materials exist which have 
the ion supplementing capacity without emitting the substituent ions, and such materials are preferably 
used. Examples of such materials are crown ether having the chemical formula shown in Figs. 171 A 
and 171B and kryptand having the chemical formula shown in Figs. 172Aand 172B. Further, inorganic 
materials such as alumina and zeolite have the capacity of supplementing ions without emitting ions. 
Therefore, these materials are used. Incidentally, since the kinds of the tons adsorbed by one ion 
adsorption material are limited, materials adsorbing different ions are preferably used in combination. 

A protrusion line having a width of 7.5 mu m, a height of 1 .5 mu m and a gap of 1 5 mu m between the 
protrusions is formed from a positive type resist,, and is subjected to the treatment for imparting the 
various ion adsorption capacity described above so as to manufacture the panels. Fig. 250 shows the 
result of measurement of the initial ion density and the ion density (unit: pc) after the use for 200 hours 
of the panel so manufactured. In Fig. 250, ultra-violet rays of 1,500 mJ are irradiated in Example C, 0.5 
wt% of crown ether is added in Example D, zeolite is added in Example E, and crown ether and zeolite 
are added in Example F. For reference, the case where the treatment for imparting the Ion adsorption 
capacity is not carried out is represented as Comparative Example. A 10 V triangular wave having a 
frequency of 0.1 Hz is applied at the time of use. and the temperature at the time of measurement is 50 
DEG C. It can be appreciated from the result that the initial value of the ion density remains at 
substantially the same level regardless of the ion adsorption capacity treatment. However, the ion 
density after 200 hours drastically increases when this treatment is not carried out, but v^hen the 
treatment is carried out, the increase remains small. 

When the sample to which the ultra-violet rays are irradiated and the sample which is not at all treated 
are subjected to the practical running test, burn occurs in the un-treated sample but does not occur in 
the sample subjected to the ultra-violet irradiation. 

In the 40th embodiment, the structure in which a pattern of protrusions is drawn on the CF substrate 16 
using black matrices has been disclosed. The structure will be described below. 

As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 16 in the 
conventional manufacturing process, since a new step need not be added, an increase in cost deriving 
from drawing of a pattern of protrusion can be minimized. The seventeenth embodiment is an 
embodiment in which a pattern of protrusions are drawn on the CF substrate 16 by utilizing the 
conventional manufacturing process. 

Figs. 1 73A and 1 73B are diagrams showing the structure of the CF substrate of the 45th embodiment. 
As shown in Fig. 173A, in the 45th embodiment, the color filter (CF) resins 39R and 39G (and 39B) are 
applied pixel by pixel to the CF substrate 16. Black matrices or an appropriate material such as a CF 
resin or any other flattening resin is used to define a pattern of protrusions 50A by tracing 
predetermined positions. ITO (transparent) electrodes 12 are then formed on the pattern of protrusions. 
A material to be made into the black matricis is not restricted to any specific one. For forming 
protrusions, however, a certain thickness is needed. From this viewpoint, the adoption of a resin is 
preferable. 

Fig. 173B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black 
matrices or an appropriate material such as a CF resin or any other flattening resin is used to draw a 
pattern of protrusions 50B by tracing predetermined positions on the CF substrate 16. Thereafter, the 
CF resins 39R and 39G are applied. Consequently, the CF resin defining the pattern of protrusions gets 
thicker. The pattern of protrusions can now provide protrusions as it is. The ITO (transparent) 
electrodes 12 are then formed. 

According to the structure of the 45th embodiment, protrusions can be formed at any positions on the 
CF substrate. 

Fig. 174 is a diagram showing the structure of a panel of the 46th embodiment. In the 45th 
embodiment, the protrusions 50 are formed on the perimeters of pixels on the CF substrate 16, that is. 
on seams between the CF resins 39R, 39G, and 39B or on seams relative to black matrices 34. On the 
TFT substrate 17, the protrusions 20B are formed at positions coincident with intermediate positions 
between the seams., For forming continuous protrusions along one sides of the pixels opposed to the 
seams on the CF substrate 16, that is, for drawing a pattern of linear protrusions, a pattern of linear 
protrusions is drawn parallel to the pattern of protrusions by tracing positions near the centers of the 
pixels on the TFT substrate. Moreover, when continuous protrusions are formed along all sides of the 
seams between the pixels on the CF substrate 16. the pattern shown in Figs. 80A to 81 is drawn. On 
the TFT substrate 1 7. pyramidal protrusions are formed near the centers of the pixels. 
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The structure of the panel of the 46th embodiment can be adapted to various forms. An example of the 
structure of the CF substrate of the 46th embodiment will be described below. 

Fig. 175A to 180B are diagrams showing examples of the structure of the CF substrate of the 46th 
embodiment. Fig. 175A shows a structure in which the black matrix (BM) 34 is interposed between 
each pair of the CF resins 39R and 39G. The black matrices 34 are formed thicker than the CF resins, 
and the ITO electrodes 12 are formed on the black matrices 34. The black matrices 34 become 
protrusions. Even in this case, the black matrices 34 should preferably be made of a resin or the like. 

In Fig. 175B, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12. 
The CF resins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the 
CF resin 39 is applied in order to form protrusions 70. The ITO electrodes 12 are formed on the 
protrusions. 

In Fig. 176A, the thin black matrices made of a metal or the like are formed on the CF substrate 12. , 
The CF resins 39R and 39G are applied to the substrate, thus forming color filters. A resin other than 
the CF resin, for example, a resin used as a flattening material is used to form protrusions 71 without 
the use of the black matrices 34. The ITO electrodes 12 are then formed on the protrusions. In this 
case, like the structure shown in Fig. 175A, the flattening material is applied thicker than the CF resin. 

In Fig 1768, a resin or the like is used to form the black matrices 34, of which thickness is the same as 
the thickness of protrusions, on the CF substrate 12. The CF resins 39R and 39G are applied so that 
they will overlap the black matrices 34, thus forming color filters. Thereafter, the ITO electrodes 12 are 
formed. The portions of the CF resins overlapping the black matrices 34 serve as protrusions. 

In Fig. 1 77A, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12, 
and the CF resin 39R is then applied to the substrate. Thereafter, the CF resin 39G is applied to 
overlap the CF resin 39R, and the ITO electrodes 12 are then formed. Portions of the CF resin 39G 
overlapping the CF resin 39R serve as protrusions. At the positions of the protrusions, the black 
matrices 34 are included for not allowing passage of light. Either of the color filter resins may overlap 
the other color filter resin. According to this structure, protrusions can be formed at the step of forming 
color filters; The number of steps will therefore not increase. 

In Fig. 177B, a flattening material 71 is applied to overlap parts of the CF resins 39R and 39G on the 
same substrate as the one shown in Fig. 176A. Portions of the flattening material 71 overlapping the 
CF resins serve as protrusions. Owing to this structure, the flattening material 71 can be made as thin 
as the height of protrusions. 

The aforesaid structures are structures in which iTO electrodes are formed on protrusions and 
electrodes have the protrusions. Next, an example of a structure in which an insulating material is used 
to form protrusions on the ITO electrodes will be described. 

In Fig. 178, after color filters are formed on the CF substrate 16 by applying the CF resins 39R and 
39G, the ITO electrodes 12 are formed. The black matrices 34 are then placed in order to form 
protrusions. Even in this case, the number of steps will not increase. 

In Fig. 179A, after the thin black matrices 34 are formed on the CF substrate 16, the ITO electrodes 12 
are formed. Color filters are then formed by applying the CF resins 39R and 39G. At this time, the CF 
resin 39G is applied to overlap the CF resin 39R. thus forming protrusions. Even in this case, the 
number of steps will not increase. 

In Fig. 1798, after the thin black matrices 34 are formed on the CF substrate 16. color filters are formed 
by applying the CF resins 39R and 39G. The ITO electrodes 12 are then formed. The flattening 
material 71 is then used to form protrusions. 

In Fig. 180A after the ITO electrodes 12 are formed on the CF substrate 16, color filters are formed by 
applying the'cF resins 39R and 39G. The black matrices 34 are then placed on the color filters, thus 
forming protrusions. 

In Fig 1808 after the thin black matrices 34 are formed on the CF substrate 16. color filters are formed 
by applying the CF resins 39R and 39G. A flattening material 72 is used to flatten the surface. The ITO 
electrodes 12 are then formed on the surface and the black matrices 34 are further formed, whereby 
protrusions are realized. 
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Figs. 181 A to 181G are diagrams illustrating the steps for producing the color filter (CF) substrate 
according to a 47th embodinnent. The CF substrate has a protrusion as a donnain regulating means. 

Referring to Fig. 181 A, a glass, substrate 16 is prepared. Then, as shown in Fig. 181B, a resin (resin B, 
CB-7001, nnanufactured by Fuji Hanto Co.) 398 

for negative-type flue filter is applied onto the glass substrate 16 maintaining a thickness of 1.3 mu m. 
Then, as shown in Fig. 181C, the resin B is formed on the portions of the blue (8) pixel, BM portion and 
protrusion 20A by the photolithography method using a photomask 370 as shown. Next, referring to 
Fig. 181D, a resin (resin R, CR-7001, manufactured by Fuji Hanto Co.) 39R 

for red filter is applied to form the resin R on the portions of the red (R) pixel, BM portion and protrusion 
20A by the photolithography method. Referring to Fig. 181 E, a resin (resin G. CG-7001, manufactured 
by Fuji Hanto Co.) 39G 

for green filter is applied to form the resin G on the portions of the green (G) pixel, BM portion and 
protrusion 20A by the photolithography method. Through the above-mentioned steps, corresponding 
color filter (CF) layers are formed in one layer only on the pixel portions 8, G and R. and the resins 8, 
G and R are formed in three layers being superposed one upon the other on the BM portion and on the 
protrusion 20A. The portions where the resins B, G and R are superposed in three layers are black 
portions without almost permitting the passage of light. 

Next, a transparent flattening resin (HP-1009 manufactured by Hitachi Kasei Co.) is applied by a spin 
coater maintaining a thickness of about 1.5 mu m, post-baked in an oven heated at 230 DEG C for one 
hour, and an iTO film is formed by mask-sputtering. Referring next to Fig. 181F, a black positive-type 
resist (CFPR-BKP manufactured by Tokyo Ohka Co.) is applied by the spin coater maintaining a 
thickness of about 1 .0 to 1.5 mu , pre-baked, and is exposed to ultraviolet rays having a wavelength of 
365 nm in a dosage of 1000 mJ/cm from the back surface of the glass substrate 16 through the CF 
resin. The portions where the resins 8, G and R are superposed in three layers permit ultraviolet rays 
to transmit through less than through other portions, and where a threshold value of exposure is not 
reached. When developed with an alkali developing solution, the BM portion 34 and the protrusion 20A 
are formed that were not exposed to light, and are post-baked in an oven heated at 230 DEG C for one 
hour. Moreover, a vertical alignment film 22 is formed to complete the CF substrate. 

Fig. 182 is a sectional view of a liquid crystal panel completed by sticking the CF substrate 16 prepared 
as described above and a TFT substrate 17 together. In the TFT substrate 17, a slit 21 is formed as a 
domain regulating means in the pixel electrode 13, and a vertical alignment film 22 is formed thereon. 
Reference numeral 40 denotes a gate protection film and a channel protection film. On the portions 
where the light must be shielded, the BM 34 and the resins of the three layers B, G and R are 
superposed one upon the other to favorably shield the light. The protrusion 20A of the CF substrate 16 
and the slit 21 in the TFT substrate 17 divide the orientation of liquid crystals making it possible to 
obtain good viewing angle characteristics and high operation speed. 

According to the 47th embodiment as described above, the protrusion 20A which is the domain 
regulating means and the BM 34 are formed on the CF substrate without the need of exposure to light 
through a pattern, but by patterning by exposure to light from the back surface, making it possible to 
simiDlify the steps for forming the protrusion 20A and the BM 34, to lower the cost and to increase the 
yield. 

In the 47th embodiment, the pigment scatter method is employed for forming the CF. This can be 
similarly adapted even to the dying method and to the case where a non-photosensitive resist formed 
by dispersing a pigment in the polyimide is to be formed by etching. According to the 47th embodiment, 
the CF resins are superposed in three layers on the portions of the protrusion 20A and BM 34. These 
resins, however, may be superposed in two layers provided the wavelength of the irradiation light and 
the irradiation energy are suitably selected at the time of exposure through the back surface. 

In the 47th embodiment, the BM and the protrusion which is the domain regulating means are formed 
on the CF substrate without patterning. However, the fifth embodiment can be also adapted even to the 
case where the BM only is formed without forming protrusion, as a matter of course. A 48th 
embodiment deals with a case where the BM is formed but forming the protrusion by a method different 
from that of the 47th embodiment. 

Figs. 183A and 183B are diagrams illustrating a step of producing the CF substrate according to the 
48th embodiment, and Figs. 184A and 184B are diagrams illustrating a panel structure according to the 
48th embodiment. 

In the 48th embodiment, no CF resin is superposed on a portion corresponding to the protrusion but the 
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CF resin is superposed on a portion corresponding to the BM only to fornn a BM protrusion 381 . Next, 
without effecting the flattening, an ITO filnn 12 is formed as shown in Fig. 183A, and the above- 
nnentloned black positive-type resist 380 is applied thereon maintaining a predetermined thickness, for 
example, about 2.0 mu m to 2.5 mu m. Then, the developing is effected by exposure to tight from the 
back surface to obtain a panel having a BM resist 380 superposed on the BM protrusion 381 as shown 
in Fig. 183B. The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT substrate are stuck together to prepare a panel shown in Fig. 184A. Fig. 
1 84B is a view illustrating, on an enlarged scale. A circular portion of a dotted line of Fig. 1 84A, and in 
which the BM resist 380 is in contact with the TFT substrate 17, and the distance between the 
substrates is defined by both the BM protrusion 381 and the BM resist 380. That is, the BM protrusion 
381 and the BM resist 380 work as a spacer. 

According to the 48th embodiment as described above, there is no need to pattern the BM simplifying 
the steps, and the BM works as a spacer eliminating the need of providing the spacer. In the 48th 
embodiment, the positive-type resist was used to form the BM by exposure to light through the back 
surface without effecting the patterning. However, either the negative-type resist or the positive-type 
resist can be used provided it can be patterned by the photolithography method. The resist which is not 
of a black color can be used for forming protrusion which works as a domain regulating means, or can 
be used as a spacer in compliance with the 47th embodiment. 

Next, described below is a case where the protrusion 341 on which the CF resin is superposed in the 
48th embodiment, is directly used as the BM. 

Figs. 185A to 185C are diagrams for illustrating the steps for producing the CF substrate according to a 
49th embodiment, and Fig. 186 is a diagram illustrating a panel structure according to the 49th 
embodiment. 

Referring to Fig. 185A, the CF resin is superposed in three layers on the BM to form a protrusion 381 
which permits light to pass through very little. Referring next to Fig. 185B, the above-mentioned 
transparent flattening resin is applied by a spin coater maintaining a thickness of about 1.5 mu m. post- 
baked at 230 DEG C for one hour and, then, an ITO film 12 is formed. Then, in Fig. 185C. a positive- 
type resist (SC-1811 manufactured by Shipley Far East Co.) is applied maintaining a thickness of about 
1.0 to 1.5 mu m), pre-baked, and a protrusion 20A is formed by the photolithography method. The 
protrusion 381 formed by superposing the CF resins B, G and R in three layers does not almost permit 
tight to pass through and works as the BM. The thus completed CF substrate 16 and the TFT substrate 
17 are stuck together via a spacer 45 to obtain a panel as shown in Fig. 186. 

The 47th to 49th embodiments have dealt with the cases where the BM was formed by superposing the 
CF resins. The liquid crystal display device of the VA system holding the negative-type liquid crystals, is 
normally black, and the non-pixel portions to where no voltage is applied do not almost permit light to 
pass through. Therefore, the BM for shielding light for the non-pixel portions may have a light 
transmission factor which is not acceptable in the case of the normally white device. That is, the BM 
may have a light transmission factor which is low to some extent. An 50th embodiment is to easily 
produce the CF substrate by giving attention to this point, and uses a CF resin or, concretely speaking, 
uses the resin B as the BM. This does not develop any problem from the standpoint of quality of 
display. 

Fig. 187 is a diagram illustrating a step for producing the CF substrate according to the 50th 
embodiment, and Figs. 188A and 188B are diagrams illustrating the panel structure according to the 
50th embodiment. 

Referring to Fig. 187, the CF resins R, G (CR-7001. CG-7001. manufactured by Fuji Hanto Co.) of two 
colors are formed on the glass substrate 16, and the negative-type photosensitive resin B (CB-7001 
manufactured by Fuji Hanto Co.) is applied thereon by using a spin coater or a roll coater and is pre- 
baked Then the glass substrate 16 is exposed to ultraviolet rays of a wavelength of 365 nm in a 
dosage of 300 mJ/cm from the back surface thereof, developed by using an alkali developing solution 
(CD manufactured by Fuji Hanto Co.), and is post-baked in an oven heated at 230 DEG C for one hour. 
Thereafter, an ITO film is formed and, then, a vertical alignment film is formed. That is, the resin B is 
formed on 'the portions other than the portions where the CF resins R and G are formed. The CF resins 
are not formed on the portions where the light must be shielded by forming the BM; i.e., the resin B is 
formed on the portions where the light must be shielded. 

Referring to Fig 188A, the resin B 39B is formed as BM on the portions of bus lines 31, 32 and on the 
portions of TFTs where the light must be shielded. Fig. 188B is a diagram illustrating, on an enlarged 
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scale a circular portion of a dotted line of Fig. 188A. As shown, a high numerlcai aperture can be 
obtained by selecting the width of the light-shielding portion (resin B) 382 of the side of the CF indicated 
. by an arrow to be equal to the widths of the bus lines 31. 32 of the TFT substrate 17 to which a margin 
1 &cir& is added at the tinne of sticking the two pieces of substrates together. 

in the 50th embodiment, the resin B is formed last since the transmission factors of the g-, h- and i-rays 
of photosensitive wavelengths are resin B > resin R > resin G. When the CF resin having a high 
exposure sensitivity (which may be exposed to a small amount of light) and the CF resin which permits 
photosensitizing wavelength to pass through at a large rate, are formed last, the resin of a color formed 
last remains little on the resins that have been formed already, which is desirable. 

In general it is effective if the first color is that of a resin (generally. B > R > G in the transmission light) 
which makes it easy to discriminate the position alignment mark of an exposure device, and if the 
alignment mark is formed together with the pixel pattern. 

Fig 192 is a diagram illustrating the structure of the CF substrate according to a 51th embodiment. In 
the conventional liquid crystal display device, the BIVl 34 of metal film is formed on the glass substrate 
16, the CF resin is formed thereon, and the ITO film is further formed thereon. According to the ninth 
embodiment, on the other hand, the BM is formed on the ITO film. 

In the 51th embodiment, the CF resin 39 is formed by patterning on the glass substrate 16 like in the 
embodiments described above. As required, a transparent flattening member may be applied thereon. 
Next a transparent ITO film 12 is formed, and a light-shielding film 383 is formed on a diagramed 
portion thereon For example, the ITO film 12 is formed by sputtering maintaining a thickness of about 
0 1 mu m via a mask and chromium is grown thereon as a light-shielding layer maintaining a thickness 
of about 0 1 mu m Furthermore, a resist is uniformly applied onto the light-shietding layer maintaining a 
thickness of about 1 5 mu m by such a coating method as spin coating, and the light-shielding film is 
exposed to light through a pattern, developed, etched, and is peeled, thereby to form the light-shielding 
film 383 The light-shielding film 383 is composed of chromium and is electrically conducting, has a 
large contact area relative to the ITO film 12 and makes it possible to lower the resistance of the ITO 
film 12 over the whole substrate. The ITO film 12 and the light-shielding film 383 may be formed by any 
method According to the conventional method, the ITO film 12 is formed, and the substrate is 
annealed and is washed to form the chromium film. According to the 51th embodiment, the ITO fi^m 12 
and the chromium film are continuously formed in an apparatus, making it possible to decrease the 
step of washing and. hence, to simplify the steps. Therefore, no film-forming device is required, and the 
apparatus is realized in a small size. 

Fiqs 190A and 190B are diagrams illustrating a modified example of the CF substrate of the 51th 
embodiment In Fig. 190A, the three CF resins are formed, another resin 384 is formed in a groove in 
the boundary of the CF resins, and the ITO film 12 and the light-shielding film 383 are formed. In Fig. 
1908 the two CF resins 39R and 39G are formed like in the eighth embodiment explained with 
reference to Fig. 187. Then, the resin B is applied maintaining a thickness of about 1.5 mu m and the 
substrate is exposed to light from the back surface thereof and is developed to form a flat surface. 
Then the ITO film 12 and the light-shielding film 383 are formed thereon. Since the surfaces of the CF 
layers are flat, the ITO film is not cut. and the resistance of the ITO film 12 can be lowered over the 
whole substrate. 

When a colored resin having a low reflection factor is used as the resin 384 or 39B '^^^er the light- 
shielding film 383. the light-shielding portion exhibits a decreased rejection factor, and >'ght 'ng 
the liquid crystal display device from the outer side is less reflected. Furthermore ^^en a colored^^ 
having a small transmission factor is used as the resin 384 or 39B under the ''gh -^h^^ ng film 383. the 
light-shielding portion exhibits a decreased transmission factor, enabling the contrast of the liquid 
crystal display device to be enhanced. 

In the structure of Fig. 190B. furthermore, the CF resin 34B is formed requiring "° Pf^^ ;"''"9 , 
Therefore, there is no need to use an exposure apparatus which is capable of effecting the patte^^^^^ 
and Is expensive correspondingly, and the Investment for the facilities can be decreased and the cost 
can be decreased, too. 

Fig. 1 91 is a diagram illustrating a modl^ed example of the 51 st embodinient. Spacer for controlNng t^^^^ 
thickness of the liquid crystal layer are mixed in advance in the resist tha is to be ^PP^f ^l^^f 
shielding film. After the resist is patterned, therefore, the spacers 45 are formed on the light-shielding 
film that is formed in any shape. This eliminates the step for dispersing the spacers. 

Fig. 192 is a diagram illustrating a CF substrate according to a 52rd embodiment. According to this 
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embodiment, a chromium film is formed on the ITO film 12 and a resist is applied thereon. At the time 
when the light-shielding film 383 is to be patterned and exposed to light, the protrusion that works as a 
domain regulating means is patterned simuitaneously therewith. After developing and etching, the 
resist is not peeled off but is allowed to stay. Thus, an insulating protrusion 387 that works as a domain 
regulating means is formed on the CF substrate 16. By using such a CF substrate, there is realized a 
panel of a structure shown in Fig. 193. 

As described in the 47th embodiment, CF films are formed on a CF substrate, the CF substrate is 
coated with flatting resin such as acrylic resin so that the surface of the substrate becomes flat, and an 
electrode of an ITO film is formed thereon. In some cases, the surface flatting step is omitted in order to 
simplify the process. The CF substrate to which the surface flatting step is not performed is called a CF 
substrate with no top-coat. The CF substrate with no top-coat has grooves formed between respective 
CF films. The ITO film is formed with a sputtering process. When the ITO film is formed is formed on 
the CF substrate with no top-coat, it occurs a problem that the !TO layer is rigid on flat surfaces but it is 
coarse at the grooves because the sputtering process has anisotropy. 

Therefore, when material of vertical alignment film is coated or printed, solvent included in the material 
infiltrates into the CF films through the grooves after the coating or printing to a precuring process. The 
infiltrated solvent remains inside the CF layers after the precuring process is completed. The solvent 
remained inside the CF films generates craters on the surfaces of the vertical alignment film. The 
craters cause display unevennesses. According to the 51th embodiment, the light-shielding film 
provided at the grooves can prevents the infiltration of solvent. In a 52th embodiment, resin provided at 
the grooves between respective CF films are used as protrusions. 

Figs. 251 A to 251 D are diagrams showing a production process of a CF substrate of the 52th 
embodiment. Fig. 251A shows a CF substrate with no top-coat. The CF films 39R. 39G and 39B are 
formed, the light-shielding films 34 are formed under the boundaries of the respective CF films, and the 
ITO film is formed the CF films. As shown in Fig. 251 B, a positive resist is coated. As shown in Fig. 
251 C, the positive resist is irradiated with ultraviolet light from a surface of the glass substrate, and it is 
developed. Then, protrusions 390 are formed at positions corresponding to the light-shielding films 34. 
The protrusions 390 prevent the infiltration of solvent. Further, the protrusions 390 operate as the 
protrusions 20A of the CF substrate. 

The structures of a liquid crystal display in accordance v/ith the present invention have been described 
so far. Examples of applications of the liquid crystal display will be described belov/. 

Fig. 194 shows an example of a product employing the liquid crystal display in accordance with the 
present invention, and Fig. 195 is a diagram showing the structure of the product. As shown in Fig. 195. 
a liquid-crystal panel 100 has a display surface 111, and makes it possible to viev/ a displayed image 
not only from the front side but also from any oblique direction defined by a large angle while offering 
an excellent viewing angle characteristic, a high contrast, and good quality but not causing gray-scale 
reversal. On the back side of the liquid crystal panel 100, there are a light source 114 and a light box 
113 for converting illumination light emanating from the light source 114 to light capable of illuminating 
the liquid-crystal panel 100 uniformly. 

As shown in Fig. 194, a display screen 110 of this product is turnable and the product is therefore 
usable as either a sideways display or lengthwise display according to a purpose of use. A switch for 
use in detecting a tilt by 45 DEG is therefore included. By detecting the state of the switch, switching is 
carried out to select whether display is carried out for the sideways display or for the lengthwise 
display. For this switching, a mechanism for changing a direction, in which display data is read from a 
frame memory for image display, by 90 DEG is needed. The relevant technology is well-known. The 
description of the technology will be omitted. 

An advantage provided when the liquid crystal display in accordance with the present invention is 
adapted to the above product will be described. Since a conventional liquid crystal display permits only 
a small viewing angle, when a large display screen is adopted, there arises a problem that a viewing 
angle relative to a marginal part of the screen gets so large that the marginal part becomes hard to see. 
However, a liquid crystal display in which the present invention is implemented makes it possible to 
view a high-contrast image even at a large viewing angle without occurrence of gray-scale reversal. In 
the product shown in Fig. 194, a viewing angle relative to a longer marginal part of the display screen 
becomes large. It has therefore been impossible to adapt a liquid crystal display to this kind of product. 
The liquid crystal display of the present invention permitting a large viewing angle can be adapted to 
the product. 

The aforesaid embodiments provide liquid crystal displays in each of which the orientation of a liquid 
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crystal is divided for dividing each domain of the liquid crystal mainly into four regions whose azimuths 
are mutually different in increments of 90 DEG , and liquid crystal displays in each of which the 
orientation of a liquid crystal is divided for dividing each domain of the liquid crystal mainly into two 
regions whose azimuths are mutually different in increments of 90 DEG . This point will be discussed in 
relation to applications of the present Invention. When the orientation of a liquid crystal is divided for 
dividing each domain of the liquid crystal into four regions whose azimuths are mutually different in ■ 
increments of 90 DEG , a good viewing angle characteristic can be exhibited in almost all directions. To 
whichever directions the orientation is set, no problem occurs in particular. For example, when the 
pattern of protrusions shown in Fig. 54 is arranged as shown in Fig. 196A relative to a screen, a 
. viewing angle at which display appears well is 80 DEG or more both in lateral and vertical directions. 
Even after the screen is turned and the pattern of protrusions is arranged as illustrated on the right side 
of Fig. 195A, no problem occurs in particular. 

By contrast, when the orientation of a liquid crystal is divided for dividing each domain thereof into two 
regions' whose azimuths are mutually different by 180 DEG , the viewing angle characteristic will be 
improved relative to the directions into which the orientation is divided but will not be improved very 
much relative to directions different from the directions by 90 DEG . When a nearly equal viewing angle 
characteristic is requested to be exhibited in both lateral and vertical directions, a pattern of protrusions 
should preferably be, as shown in Fig. 196B, run in an oblique direction in a screen. 

Next, a process of manufacturing a liquid crystal display in accordance with the present invention will' 
be described. In general, the process of manufacturing a liquid crystal panel comprises, as described in 
Fig. 197, a step 501 of cleaning substrates, a step 502 of forming gate electrodes, a step 503 of 
■forming an operating layer by applying a continuous film, a step 504 of separating devices, a step 505 
of applying a protective film, a step 506 of forming pixel electrodes, and a step 508 of assembling 
components which are carried out in that order. For forming insulating protrusions, the step 506 of 
forming pixel elements is succeeded by a step 507 of forming protrusions. 

As shown in Fig. 198, the protrusion forming step comprises a step 511 of applying a resist, a step of 
pre-baking the applied resist, a step 513 of exposing a pattern of protrusions so as to leave the 
positions of the protrusions intact, a step 514 of performing development so as to remove portions 
other than the protrusions, and a step 51 5 of post-baking the remaining protrusions. As described 
above, at the subsequent step of applying an alignment film, there is a possibility that the resist may 
react upon the alignment film. At the post-baking step 515, baking should therefore be carried out at a 
high temperature of a certain level. During the baking, if protrusions are curved to have a cylindrical 
section, the stability of alignment will increase. 

Even when dents are formed as a domain regulating means, nearly the same process as the foregoing 
one is adopted. However, when electrodes are slitted, a pattern having slitted pixel electrodes should 
merely be created at the pixel electrode forming step 506 in Fig. 197. The protrusion forming step 507 
becomes unnecessary. 

What is described in Fig. 198 is an example of drawing a pattern of protrusions using a photosensitive 
resist. The pattern of protrusions may be printed. Fig. 199 is a diagram showing a technique of drawing 
a pattern of protrusions by performing letterpress printing. As shov/n in Fig. 199. a pattern of 
protrusions is drawn on a flexible relief plate 604 made of an APR resin. The relief plate is in turn fixed 
to the surface of a large roller 603 referred to as a plate cylinder. The plate cylinder is rotated while 
being interlocked with an anilox roller 605, a doctor roller 606, and a printing stage 602. A polyimide 
resin solution used to form protrusions is dropped onto the anilox roller 605 by a dispenser 607, and 
spread by the doctor roller 606 to be developed uniformly over the anilox roller 605. The developed 
resin solution is transferred to the relief plate 604. The solution transferred to the raised portion of the 
relief plate 604 is transferred to a substrate 609 on the printing stage 602. Thereafter, baking or the like 
is carried out. Various techniques of drawing a microscopic pattern by printing have been employed in 
practice. If a pattern of protrusions can be drawn using any of the techniques, the pattern of protrusions 
can be drawn at low cost. 

Next, injection of a liquid crystal into a liquid -crystal panel to be performed after upper and lower 
substrates are bonded will be described. As described in conjunction with Figs. 18A and 188, at the 
step of assembling components to produce a liquid-crystal panel, after a CF substrate and TFT 
substrates are bonded, a liquid crystal is injected. A VA type TFT LCD has cells whose thickness is 
small. It takes much time to inject a liquid crystal. Since protrusions are formed, it takes much more 
time to inject the liquid crystal. It is therefore requested to shorten the time required for injecting the 
liquid crystal as much as possible. 

Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus. The details of the 



httD://12.espacepet.com/esDacenet/desc?LG^en&CYr:gb&DB:::EPD&PNP^EPQ884626&PN... 2003/11/14 



espitfccnet - uocumenc uescnpcion 



■5f% 30 M ■ « t)4 M 



apparatus will be omitted. An injection connector 615 is attached to a liquid-crystal iniection port of a 
liquid-crystal panel 100, and a liquid crystal is supplied from a liquid-crystal defoamer and pressunzer 
tank 614 Concurrently, an exhaust connector 618 is connected to a liquid-crystal exhaust port, and the 
pressure in the liquid-crystal panel 100 is reduced using a vacuum pump 620 for deaeration so that a 
liquid crystal can be injected readily. A liquid crystal exhausted through the exhaust port .s separated 
from an air by a liquid-crystal trap 619. 

In the rirst embodiment, as shown in Figs. 18A and 18B, the protrusions 20 are linear and running in a 
direction parallel to the long side of the panel 100. The liquid crystal injection port 102 is formed on a 
short side of the panel vertical to the protrusions 20, while the exhaust ports 103 are formed on the 
other short side thereof opposite to the side on which the injection port 102 is formed. Likewise, as 
shown in Fiqs 201A and 2018, when the protrusions 20 are linear and running in a direction parallel to 
the short side of the panel 100, preferably, the liquid-crystal injection port 102 is tornied on one long 
side of the panel vertical to the protrusions 20. and the exhaust ports 103 are formed on the other long 
side thereof opposite to the long side on which the injection port 102 is formed Moreover, as shown m 
Fiqs 202A and 202B when the protrusions 20 are zigzagged, the liquid-crystal injection port 102 is 
preferably formed on a side of the panel vertical to a direction in which the protrusions 20 are 
extending As shown in Figs. 203A and 203A, the exhaust ports 103 are preferably formed on a side of 
the panel opposite to the side on which the injection port 102 is formed. 

During injection of a liquid crystal, foams may be mixed in the liquid crystal. Once foa-^^^are rnixed in a 
liquid crystal, imperfect display ensues. Assuming that a negative liquid crysta and a vertical alignment 
film are emp oyed, when no voltage is applied, black display appears. Even if foams f -^xe^ 'n th^ 
liquid crystal black display appears in areas coincident with the foams. The mixing of foams cannot 
he;efo7e bed^covered in this state. A voltage is applied to electrodes so that white display wi I appear. 
When black display does not appear in any area, it is confirmed that no foam has mixed in the liquid 
crystal However since there is no electrode near the liquid-crystal injection port, even if foams are 
m xed in a portion of the liquid crystal near the liquid-crystal injection port, '^e foams cannot be 
discovered If foams are present in this portion of the liquid crystal, there is a fear that the foams w,,, be 
dispersed to deteriorate display quality. Even the foams near the injection port must therefore be 
discovered., In a liquid crystal display of the present invention therefore, shown jn Fig. 207. a^^^^ 
electrode 120 is formed near an injection port 101 outside a display area 121 and the black matrices 34 
so that mixing of foams in this portion of a liquid crystal can be detected. 

As explained above the VA system liquid crystal display device using the domain regulating means 
such as he pfolrusion and the recess' the slit, etc. does not reqUre the ^"^^^"^^^^l)"}^"'^^^^^^^^ 
contamination in the manufacturing process can be drastica ly reduced and ^Part of the washing 
process can be omitted However, the negative type (n type) liquid crystal used has lower 
rmlm1nat"on resTstance to organic materials, particularly to polyurethane resin and the skin than the 
pos tie type liqu d crystal that is ordinarily used, and involves the problem that d'splay de ec oc 
This display defect presumably results from the drop, of the specific resistance of the contaminated 
liquid crystal. 

Therefore, examinations are first made as to which size of the polyurethane ^^siri and the skin causes 
this display defect Figs 205A to 205C show the VA system liquid crystal panel. After the vertical 
al iqnS film ifformed on the two substrates 16 and 17, several polyurethane resins having a size of 
abouM O rnu rr^ are put on one of the substrates. After the spacers 45 are formed on one of the 
substrates and the seal material 101, on the other, the substrates are bonded to each other, and the 
Se srnufactured'by charging tf^e liquid crystal. As a result, it is found out ^^j^^l^'^^^ V^'^L" (eel, 
resin 700 expands to an area of 15 mu m square by heat and by the formation of the cell ™^'<"^ss ^ 
gap?, and the dSay defect due to contamination of the liquid crystal is recognized within the range of 
0.5 to 2 mm with the polyurethane resin 700 as the center. 

Fig. 206 Shows the result of the investigation of the contamination area of the l^^q^^if ^Oli'v has^a^siz^of 
the size of the polyurethane resin 700. Assuming that no problem occurs when the ^ SP^V "as a s^e or 
not greater than 0^3 mm square on the panel, the size of the polyurethane resin must be not greater 
than 5 mu m. This also holds true of the skin. 

As dPscribed above the polyurethane resin and the skin lower the specific resistance of the liquid 
c^sTa t^^eXn^LTtheT^ defect. Therefore, the relationship between the ™ quantity of 

is^ruuS^^^^^^^^^^^^^^ 
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liquid crystal causes the drop of the effective voltage. It can be appreciated further that abnormal 
display occurs at the drop of the specific resistance of at least 3 digits within the frequency range of 1 to 
60 Hz that is associated with the practical display. 

Figs 208 and 209 are graphs showing within which tinne the charge once stored is discharged when 
the resistance is 9.1 x 10, 9.1 x 10 and 9.1 x 10. respectively, by assuming the state where the liquid 
crystal pixel holds the charge. For reference, an example of the case where only the alignment film 
exists is shown, too. Because the alignment film has a large resistance and a large time constant, it 
hardly contributes to discharge phenomenon. Fig. 209 shows in magnification the portion below 0.2s in 
Fig. 208. It can be seen from this graph that when the liquid crystal resistance is lower by at least two 
digits, a black smear starts occurring at 60 Hz. 

It can be understood from the observation described above that the problem develops when the 
resistance drops by two to three digits due to the polyurethane resin and the skin. 

Next, after phenyl urethane is charged into the liquid crystal, a ultrasonic wave is applied for 10 
seconds and the liquid crystal is thereafter left standing so as to measure the specific resistance of the 
supernatant. It is found out from the result that the specific resistance drops drastically when the mixing 
quantity of the polyurethane resin is about 1/1000 in terms of a molar ratio. 

It is concluded from the explanation described above that non-uniform display does not occur at the 
level at which the mixing quantity of the polyurethane and the skin is not greater than 1/1000 m terms of 
the molar ratio. 

The embodiments of panels according to the present invention in which directions of alignment of liquid 
crystalline molecules are divided by the domain regulating means have been descnbed so far. As 
already described it is known that optical retardation film are available for improving the view angle 
performance Next, embodiments regarding characteristics and arrangements of the retardation films 
will be described The LCD panels of these embodiments have protrusions shown in Fig. 54. Namely, 
in the VA LCD panel, the directions of alignment of liquid crystalline molecules are divided into four 
areas in eacl^ pixel. 

Fig 210 is a diagram showing a constitution of a prior art VA LCD. A space formed between two 
electroded 12 13 is sealed with a liquid crystal material. Thus a liquid crystal panel is completed. As 
shown in Fig 210 a first polarizing plate 1 1 and a second polarizing plate 15 are arranged at both 
sides of the panel' In the VA LCD, vertical alignment films are formed on the electrodes and the liquid 
crystal has negative dielectric constant anisotoropy. The rubbing directions of the two vertical alignment 
films are different each other by 180 degrees. Further, the rubbing directions intersects with the 
absorption axis of the polarizing plates. Namely, the VA LVD panel is that shown in Figs. 7A to 7C. Fig. 
211 shows isocontrast curves. Fig. 212 shows viewing angle regions, in each of which gray-scale 
reversal occurs during an eight-gray-scale level driving operation in such a case. From these results, 
contrasts at directions of 0 DEG , 90 DEG . 1 80 DEG and 270 DEG are low and the gray-scale reversal 
occurs in wide view-angle. 

Fig. 213 shows a constitution of a VA mode LCD device in which protrusion patterns as illustrated in 
Fig. 54 are formed.^ 

Fiq 214 shows iso-contrast curves in the case of the LCD device shown in Fig. 213. Further. Fig. 215 
shows viewing angle regions, in each of which gray-scale reversal occurs during an eight-gray-scaie- 
level driving operation, in the case of such a liquid crystal display device. These figures reveal that 
although the gray-scale reversal is improved in the case of this device as compared ^f^'^^ ^he case^^^^^ 
the conventional device of the VA (vertically aligned) type, the improvement on the gray-scale reversal 
is insufficient and that the contrast is not improved very much. 

Applicant of the present application disclosed in Japanese Patent Application No. S-^^^^S^^^^^^^^ 
Japanese Patent Application Nos. 9-29455/1997 and 8-259872/1996. whose priority based on the 
Japanese Patent Application No. 8-41926/1996 that the viewing angle ^haractens^cs of a liqu^^^^^^^ 
display device of the VA type, on which the alignment division is performed ^^V rubbing^ are improved 
providing an optical retardation film (namely, a phase difference film) therein. These Japanese Patent 
Applications, however, do not refer to the cases of performing the alignment division by protrusions, 
depressions (or dents) or slits respectively provided m pixel electrodes. 

in the following, conditions for further improving the viewing angle characteristics of a liquid crystal 
display device of the VA type, which is adapted to perform the alignment division in each pixel through 
the use of protrusions, depressions or slits provided in the pixel electrodes, by providing an optical 
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retardation film therein will be described. 

First, the optical retardation fiinn used in the device of the present invention will be described 
hereinbeiow by. referring to Fig. 216. As illustrated in Fig. 216. let nx and ny designate dielectric 
constantes (or indices) respectively corresponding to inplane directions defined in a surface of the film. ■ 
Further, let nz denote a dielectric constant in the direction of thickness thereof. The following relation 
among the dielectric constantes nx, ny and nz holds in the phase difference film to be used in the 
device of the present invention: nx, ny ^ nz. 

Incidentally, an optical retardation film, in which the following relation holds: 

has optically positive uniaxiality therein. Hereunder, such a phase difference film will be referred to 
simply as a positive uniaxial film. Axis extending in a direction corresponding to a larger one of the 
dielectric constantes nx and ny is referred to as a phase lag axis. In this case, nx 

ny. Therefore, the axis extending in the x-direction is referred to as the phase iag axis. Let d designate 
the thickness of the film. When light passes through this positive uniaxial film, the following phase 
difference (or optical retardation) R is caused in an inplane direction: R = (nx - ny)d. Hereinafter, the 
"phase difference caused by the positive uniaxial film" indicates a phase difference caused in an 
inplane direction. 

Moreover, a phase difference film, in which the following relation holds: 

has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a 
phase difference film will be referred to simply as a negative uniaxial film. Let d designate the thickness 
of the film. When light passes through this negative uniaxial film, the following phase difference R is 
caused in the direction of the thickness thereof: R - ((nx + ny)/2 - nz)d. Hereinafter, the "phase 
difference caused by the negative uniaxial film" indicates a phase difference caused in the direction of 
the thickness thereof. 

Furthermore, a phase difference film, in which the following relation holds: nx 
ny ' 

nz, has (optical) biaxiality. Hereunder, such a phase difference film will be referred to simply as abiaxial 
film. In this case, nx 

ny. Therefore, the axis extending in the x-direction is referred to as the phase lag axis. Let d designate 
the thickness "of the film. When light passes through this positive uniaxial film, the following phase 
difference R is caused in an inplane direction: R = (nx - ny)d (incidentally, nx 

ny). Further, the phase difference R caused in the direction of the thickness thereof is predetermined by 
the following equation: 
R = ((nx + ny)/2 - nz)d. 



Fig. 217 is a diagram showing the constitution of a liquid crystal display device which is a 52th 
embodiment of the present invention. 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are 
formed on the liquid-crystai-stde surface of CF (Color Filter) substrate that is one. of substrates 91 and 
92. Further, TFT elements, bus lines and pixel electrodes are formed on the liquid-crystal-side surface 
of TFT substrate that is the other of the substrates 91 and 92. 

Vertical alignment film is formed on the liquid-crystal-side surfaces of the substrates 91 and 92 by 
applying a vertical alignment material thereto through transfer printing, and by then burn the matenal at 
180 DEG C. Subsequently, a positive photosensitive overcoating (or protecting) matenal is applied onto 
the vertical alignment film through spin coating. Then, a protrusion pattern shown in Fig. 54 is formed 
by performing prebaking, exposure and postbaking. 

The substrates 91 and 92 are bonded together through a spacer having a diameter of 3.5 mu m. 
Further, a space formed therebetween is sealed with a liquid crystal material having negative dielectric 
constant anisotropy. Thus a liquid crystal panel is completed. 

As illustrated in Fig. 217, the liquid cr/stai display device, which is the 52th embodiment of the present 
Invention, is constituted by placing a first polarizing plate 1 1. a first positive uniaxial film 94 two 
substrates 91 and 92, a second positive uniaxial film 94 and a second polarizing plate 15 therein in this 
order. Incidentally, the first and second uniaxial films 94 are placed so that the phase iag axis of the 
first positive uniaxial film 94 intersects with the absorption axis of the first polarizing plate 1 1 at nght 
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angles. 

Fig. 218 shows iso-contrast curves in the case that each of the phase differences RO and R1 
respectively corresponding to the first and second positive uniaxial films 61 of the 52th embodiment is 
set at 1 10 nm. Further, Fig. 219 shows viewing angle regions, in each of which gray-scale inversion 
occurs during an eight-gray-scale-level driving operation in such a case. As is apparent from the 
comparison with Figs. 214 and 215, a range, in which high contrast is obtained, is enlarged extensively, 
with the result that the gray-scale reversal does not occur in the entire viewing angle region. 
Consequently, the viewing angle characteristics are considerably improved. 

Incidentally, the viewing angle characteristics were studied by changing the retardation RO and R1 in 
various ways in the case of the constitution of Fig. 217. Process of studying the viewing angle was as 
follows. First, while changing the phase differences RO and R1, an angle at which the contrast (ratio) 
was 10,.was'found in each of an upper right direction (corresponding to an azimuth angle of 45 DEG 
towards the right top), an upper left direction (corresponding to an azimuth angle of 135 DEG towards 
the left top), a lower left direction (corresponding to an azimuth angle of 225 DEG towards the left 
bottom) and a lower right direction (corresponding to an azimuth angle of 315 DEG towards the right 
bottom) with respect to the liquid crystal panel, as viewed in this figure. Fig. 220 is a contour graph 
showing each contour that connects points, each of which is represented by coordinates RO and R1 
thereof and'corresponds to the found angle having a same value. Incidentally, the contour graphs 
respectively corresponding to the upper right direction, the upper left direction, the lower left direction 
and the lower right direction were the same with one another. It is considered that this was because 
four regions obtained by the alignment division were equivalent to one another as a result of using the 
protrusion pattern shown in Fig. 54. 

In the case of Fig. 217. the angle, at which the contrast ratio is 10 in each of the directions respectively 
corresponding to the azimuth angles 45 DEG . 135 DEG , 225 DEG and 315 DEG . is 39 DEG . This 
reveals that the use of the optical retardation film is effective in the case of the combination of the 
coordinates RO and R1 shown in Fig. 223. incidentally, in the case illustrated in Fig. 223, the angle, at 
which the contrast ratio is 10. is not less than 39 DEG when RO and R1 meet the following conditions or 
requirements: 

R1 ^ 450 nh - RO, RO - 250 nm ^ R1 ^ RO + 250 nm, O^RO and 0^R1. 

Additionally, the retardation DELTA n.d caused in a liquid crystal was changed within a piratical range. 
Moreover, the twist angle was changed within a range of 0 to 90 DEG . Similarly, the optimum 
conditions for RO and R1 were obtained. As a result, it was ascertained that the optimum conditions 
were the same as the aforementioned requirements even in such cases. 

Fig. 221 is a diagram showing the constitution of a liquid crystal display device which is a 53rd 
embodiment of the present invention. This embodiment is different from the 52nd embodiment in that 
tv/o positive uniaxial films, namely, first and second positive uniaxial films 94 are placed between the 
first polarizing plate 1 1 and the liquid crystal panel, that the phase lag axes of the two positive uniaxial 
films 94 intersect with each other at right angles and that the phase lag axis of the second positive 
uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of the first 
polarizing plate 1 1 at right angles. 

Fig. 222 shows iso-contrast curves in the case that the phase differences RO and R1 respectively 
corresponding to the first and second positive uniaxial films 61 of the 52nd embodiment are set at 1 10 
nm and 270 nm. respectively. Further. Fig. 223 shows viewing angle regions, in each of which gray- 
scale inversion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious 
from the comparison with Figs. 214 and 215. a range, in which high contrast is obtained, is enlarged 
extensively. Moreover, the range, in which the gray-scale reversal occurs, is greatly reduced. 
Consequently, the viewing angle characteristics are considerably improved. 

Fig 224 shows the viewing angle characteristics obtained as a result of being studied by changing the 
phase differences RO and R1 of the first and second uniaxial films 94 in various ways in the case of the 
constitution of Fig 221 , similarly as in the case of the 52th embodiment. The viewing angle 
characteristics shown in Fig. 224 are the same as of Fig. 220 and are illustrated by a contour graph 
showing angles, at which the contrast ratio is 10, in terms of coordinates RO and R1. As is seen 
therefrom, the angle, at which the contrast ratio is 10, is not less than 39 DEG when RO and R1 meet 
the following conditions or requirements: 

2R0 - 170 nm ^ R1 ^ 2R0 + 280 nm. 
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R1 ^ - RO/2 + 800 nm, O^RO and 0^R1. 



Further, it was ascertained that the optimunn conditions were the sanne as the aforennentioned 
requirements even in the cases where, similarly, in the case of the 53th embodiment, the retardation 
DELTA n.d caused in a liquid crystal was changed within a practical range and where, moreover, the 
twist angle was changed within a range of 0 to 90 DEG . 

Fig.. 225 is a diagram showing the constitution of a liquid crystal display device, which is a 54th 
embodiment of the present invention. 

This embodiment is different from the 52th embodiment in that the first negative uniaxial film 95 is 
placed between the liquid crystal panel and the first polarizing plate 11 and that the second negative 
uniaxial film 95 is placed between the liquid crystal panel and the second polarizing plate 15. 

Fig. 226 shows the viewing angle characteristics obtained as a result of being studied by changing the 
phase differences RO and R1 in various ways in the case of the constitution of Fig. 225, similarly as in 
the case of the 52th embodiment. The viewing angle characteristics shown in Fig. 226 are the same as 
of Fig. 220^and are illustrated by a contour graph showing angles, at which the contrast ratio is 10, in 
terms of coordinates RO and R1 . As is seen therefrom, the angle, at which the contrast ratio is 1 0. is 
not less than 39 DEG when RO and R1 meet the following condition or requirement: 
RO + R1 ^ 500 nm. 

Incidentally, similarly, in the case of the 54th embodiment, the retardation DELTA n.d caused in a liquid 
crystal and the upper limit to the optimum condition were studied by changing the retardation DELTA 
n.d within a practical range. Fig. 227 illustrate results of this study. Let RLC denote DELTA n.d caused 
in the liquid crystal. Consequently, the optimum value in the optimum condition for a sum of the phase 
differences respectively corresponding to the phase difference films is not more than (1.7xRLC + 50) 
nm. 

Further, although this characteristic condition relates to the contrast (ratio), the optimum condition for 
the gray-scale reversal was similarly studied. Angles, at which gray-scale reversal occurs, were found 
by changing the phase differences RO and R1 in the direction of the thickness of the first and second 
negative uniaxial films 95 in various manners in the constitution of Fig. 225, similarly as in the case of 
the contrast ratio Fig. 228 shows contour graphs obtained from the found angles, which is illustrated by 
using the coordinates RO and R1. Incidentally, the angle, at which the gray-scale reversal occurs in the 
case illustrated in Fig. 215. is 52 DEG . Thus, when the phase differences RO and R1 have values at 
which the angle enabling an occurrence of the gray-scale reversal is not less than 52 DEG in the case 
illustrated in Fig. 228. the phase difference film has an effect on the gray-scale reversal. In the case 
shown in Fig. 228. the angle, at which the contrast ratio is 10, is not less than 39 DEG when RO and R1 
meet the following condition or requirement: 
RO + R1 ^ 345 nm. 

Then in the case of the 54th embodiment, the relation between DELTA n.d caused in a liquid crystal 
(display) cell and the upper limit to the optimum condition was studied by changing the retardation 
DELTA n d within a practical range. Fig. 229 illustrate results of this study. This reveals that the upper 
limit to the optima! condition is nearly constant independent of DELTA n.d caused in the liquid crystal 
ceil and that the optimum condition for a sum of the phase differences respectively corresponding to 
the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is not less than 50 DEG . Further, in view of the 
gray-scale reversal and DELTA n.d caused in the liquid crystal cell, it is preferable that a sunn ot tne 
phase differences respectively corresponding to the phase difference films is not less than 30 nm tDut is 
not more than 270 nm. 

Moreover as a result of studying the optimal condition by changing the twist angle in a range of 0 to 90 
DEG . it is found that the optimum condition was the same as the aforementioned requirement. 

A 55th embodiment of the present invention is obtained by removing one of the first and second 
negative uniaxial films 95 from the constitution of the liquid crystal display device of Fig. 225. which is 
the third embodiment of the present invention. 
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Fig. 230 shows iso-contrast curves in the case that the phase difference corresponding to one of the 
negative uniaxial films 95 of the 55th embodiment is set at 200 nm. Further. Fig. 231 shows viewing 
angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-level driving 
operation in such a case. As is obvious from the comparison with Figs. 214 and 215, a range, in which 
high contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale reversal 
occurs, is greatly reduced. Consequently, the viewing angle characteristics are considerably improved. 
Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condition for the 
gray-scale reversal were studied. Results of this study reveal that it is sufficient to use a single negative 
uniaxial film having the phase difference corresponding to a sum of the phase differences of the 
negative uniaxial. films of the 54th embodiment. 

Each of 56th to 58th embodiments of the present invention uses the combination of positive and 
negative uniaxial films. Although there are various kinds of modifications to the arrangement of such 
films, it.has been found that the constitutions of the fifth to seventh embodiments have (advantageous) 
effects. 

Fig. 232 is a diagram showing the constitution of a liquid crystal display device which is a 56th 
embodiment of the present invention. 

The 56th e'mbodiment differs from the 52th embodiment in that a negative uniaxial film 95 is used and 
placed between the liquid crystal panel and the first polarizing plate 1 1 instead of the first positive 
uniaxial film 94. 

Fig. 233 shows iso-contrast curves in the case that the phase difference RO in an inplane direction in 
the surface of the positive uniaxial film 94 and the phase difference R1 in the direction of thickness of 
the negative uniaxial film 95 are set at 150 nm in the 56th embodiment. Further. Fig. 234 shows 
viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-ievel 
driving operation in such a case. As is obvious from the comparison with Figs. 214 and 215, a range, in 
which high contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale 
reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are considerably 
improved. 

!n the case of the 56th embodiment, the optimal condition for the contrast was studied. Fig. 235 shows 
results of this study, which reveal that the optimum condition indicated by Fig. 235 was the sarhe as 
Illustrated in Fig. 220. 

Fig. 236 is a diagram showing the constitution of a liquid crystal display device which is a 57th 
embodiment of the present invention. This embodiment is different from the 52th embodiment in that a 
positive uniaxial films 61 are placed between the liquid crystal panel and the first polarizing plate 11 
and that a negative uniaxial film 95 is placed between this positive uniaxial film 94 and the first 
polarizing plate 1 1 . The positive uniaxial film 94 is placed in such a manner that the phase lag axis 
thereof intersects with the absorption axis of the first polarizing piate 1 1 at right angles. 

Fig 237 shows iso-contrast cufves in the case that the phase difference RO in an inplane direction in 
the surface of the positive uniaxial film 61 and the phase difference R1 in the direction of thickness of 
the negative uniaxial film 62 are set at 50 nm and 150 nm in the 57th embodiment, respectively. 
Further. Fig. 238 shows viewing angle regions, in each of which gray-scale inversion occurs dunng an 
eight-gray-scale-level driving operation in such a case. As is obvious from the comparison with Figs. 
214 and 215. a range, in which high contrast is obtained, is enlarged extensively. Moreover, the range, 
in which the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle 
characteristics are considerably improved. 

Even in the case of the 57th embodiment, the optimal condition for the contrast was studied. Fig. 239 
shows results of this study, which reveal that the optimum condition indicated by Fig. 239 was the same 
as illustrated in Fig. 220. 

Fig 240 is a diagram showing the constitution of a liquid crystal display device which is a 58th 
embodiment of the present invention. This embodiment is different from the 52th embodiment in that a 
negative uniaxial films 95 are placed between the liquid crystal panel and the first poianzing plate 1 1 
and that a positive uniaxial film 94 is placed between this negative uniaxial film 95 and the irst 
polarizing plate 1 1 . The positive uniaxial film 94 is placed in such a manner that the phase lag axis 
thereof intersects with the absorption axis of the first polarizing plate 1 1 at nght angles. 

Fiq 241 shows iso-contrast curves in the case that the phase difference R1 in an inplane direction in 
the surface of the positive uniaxial film 94 and the phase difference RO in the direction of thickness of 
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improved. 

as illustrated in Fig. 220. 

Fig. 244 is a diagrarr. showing the constitution of a liquid crystal display device which is an 59th 
embodiment of the present invention. 

Tmse.bcdi.ent is different fro. , He 62nd em^^^^^^^^^^ 

inplane d,electnc ^ ^/^^^'^^^^^^^^^ liquid costal panel and the first 

have the fo lowmg the liquid crystal panel 

polarizing plate 1 1 and that P°%*'^^, ""'^^^^^ Aim 96 is placed in such a manner that the x- 

Fig 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lag axis of the 

r'Tof a^Sat'sfnTar^O 53th 

Viewing angle characteristics are considerably improved. 

■ incidentally; quantities Rxy and -^Vf^f ^^^f^^ ^i) -s^^udirdVyTh'anging 
the case of the 59th embodiment, the "Pt 'T^'^'^.^showftL found optimal condition for the contrast. 

following conditions: 

Rxz - 250 nm ^ Ryz ^ Rxz + 150 nm, 

Ryz ^ - Rxz + 1000 nm, 

O^Ryz and O^Rxz. 

relations hold for these phase differences. 

RO = (nx - ny)d = Rxz - Ryz ... (in the case that nx ^ ny); 

RO = (ny - nx)d = Ryz - Rxz ... (in the case that ny ^ nx); 

ll;fl!re^ ;Sm"afc^o:d^rns fK and Kyz are written as follows: 

R0^250 nm. R1 ^500 nm. 

Namely, it is desirable that the inplane P^f- ^«tsT^^^^^ 

^e^Ince 1^:!:t^!^Zo'^^sl^"^ ^^"^^ with the absorptior, axis of the 
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adjacent polarizing plate at right angles. 

As a result of studying the relation between the retardation DELTA n.d caused in a liquid crystal cell 
and the upper limit to the optimal condition by changing the retardation DELTA n.d in various way 
within a practical range, it was found that the optimal condition for the phase difference in an inplane 
direction was not more than 250 nm regardless of the retardation DELTA n.d caused ,n a liquid crystal 
cell In contrast, the phase difference in the direction of thickness depends on the retardation DELTA 
n d caused in a liquid crystal cell: Fig. 248 shows the results of the study on the relation between the 
retardation DELTA n d caused in a liquid crystal cell and the upper limit to the optimal range of the 
phase difference in the direction of thickness of the film. Let RLC denote DELTA n.d caused m the 
liquid crystal Consequently, it is concluded that the optimum value in the optimal condition for the 
phase difference in the direction of thickness of the phase difference Him is not more than (1.7xRLC + 
50) nm. 

Incidenrallv the optimal condition in the case of a configuration, in which a plurality of phase difference 
films 96 were placed in at least one of spaces formed between the liquid crystal panel and orie o the 
first polarizing plate 11 and the second polarizing plate 15. which were provided at one or both of sides 
of the liquid crystal panel, and between the liquid crystal panel and the other thereof was studied 
similarly. As a result, it was found that the optimum condition was the case where the phase difference 
in the inplane direction of each of the phase difference films 96 was not rnore ^^an 250 nm and that a 
sum of the phase differences in the direction of thickness of the phase difference films 96 was not more 
than (1.7XRLC + 50) nm. 

Further as a result of studying the optimal condition similarly by changing the twist angle in a range of 
0 to 90 DEG . it was found that the optimum condition was the same as the aforementioned 
requirement. 

A positive uniaxial film 

a negative uniaxial film 

and a biaxiaJ film (nx 

nz) are employed as the film 96. Namely, a single or a combination of such films may be used. 

In the foregoing description, there has been described the optimal conditions for the phase d-|fference 
mrr, in the case that alignment division is performed in a pixel by providing rows o protrusions on the 
iqud ci^^^^^^^ each of the two substrates composing the liquid crystal panel. However even in 

the case of performing the alignment division by using depressions or slits formed in the pixel 
electrodes, the viewing angle characteristics can be improved on the similar conditions. 

Further in the present specification, the polarizing plates have been described as ideal ones. 
Therefore tfs obvious that the phase difference (incidentally, the phase difference m the direction of 
Sess o L fi'r^ is us^ about 50 nm) caused by a film (namely. TAG (cdlulose triacetate) film) 
protecTng a polarer should be synthesized with the phase difference caused by the phase difference 
film of the present invention. 

Namely, the provision of the phase difference film may be omitted ^PPJ^«^"^f„^'^^^^ 
the conditions according to the present invention. However, in this case, needless to say, such FAU 
wrperforms as well as the phase difference film of the present invention, which should be added to 
the device, does. 

The embodiments in which the present invention is implemented in ^Jf ^ liqmd cjy^^^^^^^^ 

been described. The present invention can also be '";'P^.'"^" f^i" '^i'''' Son type but not 

For example, the present invention can be implemented m a MOSFET LCD of a jeflect^n type 

of the TFT type or in a mode using a diode such as a MIM device as «"^=''^„^^fXn gnd^^^^ 

present invention can be implemented in both a TFT mode using ^" ^l"""',^'^^^^^^^^^ 

mode using a polycrystalline silicon. Furthermore, the present '^f'^"'^"^ ^ 

a transmission type LCD but also a reflection type or plasma-addressing type LCD, 

An existing TN LCD has a problem that it can cover only a narrow range of viewing angles. An IPS LCD 

present invention can solve these problems, and realize an L-^LJ exniDimiy t a 
characteristic as the IPS LCD and offering a high response speed surpassing the one onerea oy me 
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LCD Moreover the LCD can be realized merely by forming protrusions on substrates or slitting 
ePeSrodes^'n^^ therefore be manufactured readily. Besides^the rubbing step and aner-rubb.ng 
rIPanina steo which are required for manufacturing the existing TN LCD and IPS LCD become 
unneTelsaP/' Since fhese 'steps cause imperfect alignment, an effect of improving a y.eld and product 
reliability can also be exerted. 

Since the LCD offering a high operating speed and exhibiting a good viewing angle characteristic can 
b^^ealfze^^^^^^^ of an application range including the application to a monitor substituting for the 

CRT is expected. 
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Claims 



1 A liauid crystal display device comprising: a first substrate and a second substrate processed for 
ierticT^iqnment and I liquid crystal having a negative dielectric constant anisotropy and being 
saShed between said first and second substrates; orientations of said liquid c>7Stal be,ng vertical to 
sa"d f^st and seS su^^ when no voltage being applied, being almost horizontal to said first and 

secor^d subs^^^^^^^ predetermined voltage being applied and being oblnque to saKJ first and 

sicond suSel whin an intermediate voltage lower than the predetermined voltage being applied. 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique 
S:^d^^m°Lrnt Xr^eans comprising a first structure for partially changing a contact surface 

SefnTel^uTd' t^^S^^So^^^'^^^^^ vertically oriented to said 
TnZe6 surfaces when r^o voltage being applied, and azimuths of said liquid crystal far from said 
incnned surface b^ing de^rmined according to the azimuths of said liquid crystal >n the proximity of , 
said inclined surface when said intermediate voltage being applied. 

2. A liquid crystal display device according to claim 1 , wherein said first structure Includes protrusions 
projected to a layer of said liquid crystal. 

3. A liquid crystal display device according to claim 2. wherein said protrusions are made of dielectric 
materials on a first electrode of said first substrate. 

4 A linniri crystal display device according to claim 2. wherein pixel electrodes are formed on said 
secoXubTafiSh of said protrusions extends straight.y, and said protrusions are arranged in 
parallel to one another with a predetermined pitch among them. 

electrodes and pass on positions facing to centers of said pixel electrodes. 

6 A liauid crystal display device according to claim 2, wherein pixel electrodes are formed on said 
LcondtubsTafe.VaW pr^ have point-like figures and said protrusions are arranged at 

positions facing to centers of said pixel electrodes. 

7. A liquid crystal display device according to claim 1 , wherein said first structure includes depressions 
depressed from a layer of said liquid crystal. 

corresponding to said depressions. 

9. A liquid crystal display device according to daim 7, wher^^ 

includes slits operating as domain regulating means, said depressions 
arranged. 

crystal. 

1 1 . A liquid crystal display device according to claim 11 , wherein said protrusions and said depressions 
are mutually arranged in parallel with a predetermined pitch. 

12. A liquid crystal display device according to claim 1 , wherein area of said inclined surfaces in each 

pixel is less than 50% of area of the pixel. 

crystal; 
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projected to a layer of said liquid crystaL 
depressed from a layer of said liquid crystaL 

comprises a second structu e tor P^f^'^'iy^^^ ^ ^ ■ . ... second structures includes protrusions 
pSa^led'^^otlaTrollaS^Sd ^^^^s^^^^s depressions depressed tro. a layer o, 
said liquid crystal. 

protrusions projected to a layer of said liquid crystal, 
depressions depressed from a layer of said liquid crystal. 

.9. A Hcuid crystal display device a-rding to cl i 13^^^^^^^^^ ,^:rers°a7dteco^^^^ 
^^^l^^^^^X::^!^:^^ structur^respectlvely Include a 

pair ofprouusions and depressions depressed from a layer of said hquid crystal. 

protrusions and depressions of different substrates respectively neighbor. 

21. A liquid crystal display device accordw^g to claim 13 wher^^^^^^^^^^ .^^.^^^^ 
depressions depressed from a layer of said liquid ^^ysta^ a 'i^si e^c r'j^"^^^ indudina depressions 



substrate. 



22. A liquid crystal display device accordirjg to c^im 21 •^^^-^^'l^^^^^^^^^ ^s^s of 

substrate are mutually arranged in parallel P''^^^^fg°' ""a^h are arranged so that said 

of different substrates respectively neighbor. 

surface betvyeen said second substrate and said liquid crystal to inclined surtaces. 

24 A liquid cystal display device according to claim 23, wherein said first and second structures are 

made of cSnerect!^ ma?erials on electrodes of said first and second substrates. 

have inclined surfaces corresponding to said first and second structures. 

27. A liquid costal display device according to claim 23 where^saUJ fir^ and second structures are 
arranged perimetric portions outside of display area in which no pixel exists. 
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. . ^ - ^^rHino to Haim 24 wherein said dielectric material forming said 
28 A liquid crystal display device according to claim ^4. wnert^ui i>ciiu 

first and second structures is photosensitive resist. 

29. A liquid crystal display device according to claim 28. wherein said photosensitive resist is a novolaK 
resist. 

30. A liquid crystal display device according to claim 28. wherein said photosensitive resist is baked 

after a pattern is drawn. 

under or near said protrusions, 
shielding visible light. 

dents each having a slope in a longitudinal direction. 

longitudinal direction are formed on said protrusions. 

. ^ - ^^^r^rHinn tn Haim 24 wherein said first and second structures 
fntlu"dSotS"Ste1ra rayeTSd S V^^X and center portions of said protrusior,s are 
depressed. , 

sr^all holes extending near to the surface of said electrodes. 

38. A liquid crystal display device according to claim 24, wherein said first and second structures 

include ion absorption ability. 

treated so as to be adapted for forming vertical alignment films thereon. 

41 A liquid crystal display device according to claim 40, wherein said surface treatment to the surfaces 
of said protrusions is effected for forming ruggedness. 

rays to the surfaces of said protrusions. 

43. A liquid crystal display device according to claim 40, wherein said protrusions are made of materials 

in which particulates are dispersed. 

44. A liquid crystal display device according to claim 40. wherein silane coupling agent Is coated on the 

surfaces of said protrusions. 

45. A liquid crystal display device according to claim 24. wherein said first and second structures are 
formed by printing. 

46. A liquid crystal display device according -^^^^^^^^ a 
Sfss^ra^TaToS^^^^^^ ^ °' '''' '^^^'^"^'""^ ^ 
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desirable thickness of said liquid crystal layer. 

47. A llcuid crysta, display device according to ci^"- wit. 

Ll^^dtrre:;S;1^orr^^^^^^^ -p--^ ^ --"^ aoo 

particles per square millimeter. 

48. A liquid crystal display device according to claim 46. whereh. hardness and elastic rr^odulus of the 
material forming said protrusions are larger than those of sa,d spacers. 

insulating layer for insulating said active elements or bus lines. 

51 . A licuid cn^stal c-isP-ay device -^^^^^^^ S1ctire°erem are 
structures, which is on 3.^°'°^ filter (CF sut^stra e acing protrusions on said CF 

^s^tr^'^r^ade^r aTerill^^rnta^^^^^^^^^^^^^^ shielding light at boundaries 

between pixel electrodes and bus lines or portions of active elements. 

52. A licuid crystal display f vice acc^^^^^^^^^ Strvretments are 
rmTincrd'et ^ro^trulirnrpSSo^al^^^^^^^^^^^^^^^ and said protrusions on said CP 
substrate are formed by piling at least one material of color filters. 

53. A liquid crystal display f^ice according ^^^^^^^^ ITScStments are 
structures, which is on a color filter ="°strate faang a protrusions on said CF 
'^t^^^^'^^S^^^y^-^ t^sf c'r ^po^dlng to pilled portions of at least two 



color filters. 



54. A liquid costal display ^-ice acco^di^^^^^^^ 'Sactire°erements are 

Structures, which is on a color filter (CF substrate lacing a r electrode of said CF substrate 

color filters. 

55 A liquid crystal display device according to clairn 23, wherein a part of said first and second 
structures are arranged at a perimeter of each pixel. 

56 A liquid crystal display device according to claim 55, wherein said fi^t and second structures 
ananged at aTerimeter of each pixel are made of matenal shielding light. 

J- + „i^;rr, ./uhprpin said first and second structures 

58 A liquid ciystal display device according to claim 55. wherein ^^epenrneier at which said firs, and 
second structure! are arranged is a part of whole perimeter of each pixel. 

59. A liquid crystal display device according to ^^'aim 23 « 
structures includes protrusions projected to a layer of sa^d 
equal to a desirable thickness of a layer of said liquid crystal. 

60. A liquid costal display device according i^lf^-^^^-f^^ of said 
;;:^^n^d^ h^S^rslirprotlirns Sleco^^^^^^^ to a d^eslrab. thickness of a layer 
of said liquid crystal. 

61 A liquid crystal display device according to claim 1 3. wh-ein ^^^^^'"^ ^^"^ 

includes slits provided on a second electrode of said second substrate. 

J. .... ■ -.^^^rHinn to claim 61 wherein said second electrode consists of 
62. A liquid crystal display device according to ciaim d i . who c 

^/ i,;r„=91 r;-.n^.rY=°bfeDB=F.Pn.SrPN P=F.P0884626&P... 200V\M^1 
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pixel electrodes, and each pixel electrode comprises partial electrodes divided by said slits and 
electrical connection portions electrically connecting said partial electrodes. 

63. A liquid crystal display device according to claim 62, wherein said electrical connection portions are 
arranged at perimeter of said pixel electrode. 

64. A liquid crystal display device according to claim 62, comprising tight shield means for shielding a 
part of said electrical connection portions. 

65. A liquid crystal display device according to claim 62, wherein said second domain regulating means 
includes protrusions higher than surfaces of said pixel electrodes and arranged inside said slits. 

66. A liquid crystal display device according to claim 13. wherein said first structure is an array of 
protrusions (banks) or depressions (grooves) each extending straightly, said protrusions or depressions 
are arranged in parallel to one another with a predetermined pitch among them, second domain 
regulating means includes an array of protrusions or depressions or slits each extending straightly, said 
protrusions, depressions or slits are arranged in parallel to one another with said predetermined pitch 
among them, said predetermined pitch is less than an arrangement pitch of said pixel electrodes. 

67. A liquid crystal display device according to claim 13, wherein said first structure is a pair of arrays. of 
protrusions (banks) or depressions (grooves) each extending straightly. said protrusions or depressions 
are arranged in parallel to one another with a predetermined pitch among them, second domain 
regulating means includes a pair of arrays of protrusions or depressions or slits each extending 
straightly, said protrusions, depressions or slits are arranged in parallel to one another with a 
predetermined pitch among them, directions in which said protrusions or depressions or slits of said 
pairs extend are different to each other, and said predetermined pitches are less than an arrangement 
pitch of said pixels. 

68. A liquid crystal display device according to claim 67, wherein said directions in which said 
protrusions or depressions or siits of said pairs extend are mutually different by 90 degrees. 

69. A liquid crystal display device according to claim 67, wherein said first structure includes 
protrusions, said second domain regulating means includes protrusions or slits, protrusions or slits of 
one of said pairs are mutually offset by a half of said predetermined pitch, protrusions or slits of the 
other of said pairs are a little offset from a state in which said protrusions or slits face. 

70. A liquid crystal display device according to any one of claims 66 to 69, wherein said predetermined 
pitch is an integral submultiple of arrangement pitch of said pixels. ^. 

71 . A liquid crystal display device according to claim 13. wherein said first structure is an array of 
protrusions (banks) or depressions (grooves) each extending in one direction and being bent in zigzag 
at intervals of a predetermined cycle, said protrusions or depressions are arranged in parallel to one 
another with a predetermined pitch among them, second domain regulating means includes an array of 
protrusions or depressions or slits each extending in one direction and being bent in zigzag at intea/als 
of said predetermined cycle, said protrusions, depressions or slits are arranged in parallel to one 
another with said predetermined pitch among them. 

72. A liquid crystal display device according to claim 71, wherein pixel electrodes are bent in zigzag, 
and patterns of said protrusions, depressions or slits correspond to said pixel electrodes. 

73. A liquid crystal display device according to claim 71, wherein bus lines are partially bent in zigzag 
and in correspondence to the patterns of said pixel electrodes. 

74. A liquid crystal display device according to claim 71, wherein a pattern of each pixel electrode is 
almost a square, and pixel electrodes in adjoining row are mutually offset by a half of arrangement pitch 
of said pixel electrodes. 

75. A liquid crystal display device according to claim 74, wherein data bus lines extend in zigzag along 
with edges of said pixel electrodes. 

76. A liquid crystal display device according to claim 71 , wherein said predetermined pitch is an integral 
submultiple of said pixels. 

77. A liquid crystal display device according to claim 76, wherein said predetermined cycle is an 
integral submultiple of said pixels. 
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78 A liauid crvstal display device according to any one of claims 66. 67 or 71 , wherein said first 
Itructu?e ncl^des protS^ said second domain regulating means includes protrusions or slits, said 
p^ot^^Tsions^rslfdrst structure and said protrusions or slits of said second domain regulating means 
are offset by a half of said predetermined pitch. 

79 A liauid crvstal display device according to any one of claims 66, 67 or 71 , wherein said first 
Itructu?e ncS protrusions, said second domain regulating means includes pro rusions or slits, sa.d 
protrus ons orsltd'f rst structure and said protrusions or slits of said second domain regulating means 
are offset from a state in which said protrusions or slits face, and said offset is fully smaller than said 

predetermined pitch. 

80 A liquid crystal display device according to any one of claims 66. 67 or 71 , wherein said first 
structure ncludes depressions, said second domain regulating means includes depressions, said, 
depSns of said first structure and said depressions of said second domain regulating means are 
offset by a half of said predetermined pitch. 

fl1 A liauid crvstal display device according to any one of claims 66, 67 or 71 , wherein said first 
structi?e incS dep?essions,^^ second domain regulating means includes protrusions or slits, said 
™ss!ons' of saidlirsfstr^ and said protrusions or slits of said second domain regulating means 
are arranged to face to each other. 

fl2 A liauid crvstal display device according to.claim 1 , wherein said first structure includes protrusions, 
a liquiKtaTfS't ofpo^ which said liquid crystal in injected into a gap b™^-a,d first 

arid second substrates is located on a side of said device vertical to a direction .n which said 

protrusions are extending. 

83 A liquid ciystal display device according to claim 82, wherein exhaust ports through which an air or 
'quid cSl Sausmd from the gap when said liquid crystal is in ected are located on a side 
opposite to the side on which said liquid crystal injection port is located. 

respectively facing centers of each frame element of said two-dimensional lattice. 

86. A liquid crystal display device according to claim 85, wherein at |lf "'f;,^^,^^^^^^^^ °' 
said two-dimensional lattice is smaller than one of arrangement pitches of pixel electrodes, 

87. A liquid crystal display device according to claim 85 wherein arrangement pitches of said two- 
dimensional lattice coincide with arrangement pitches of pixel electrodes. 

rectanguiars coincide to each other. 

90. A liquid crystal display device according to claim 89, wherein llf.'^^^l'^^'I^^Z^^^^^ 
pixels, a maximum size of said rectangular coincides with that of each pixel, and centers 
rectanguiars of each group coincide with a center of each pixel. 

92. A liquid crystal display device according to <=!^^'^^^' ■y'^^'^'^"?^^^^^ '"^"'^'"^ 
means is arranged along a part and in the neighborhood of an edge of said pixel. 
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93. A liquid crystal display device --tdSo P-''^^^ 

94 A liquid crystal display device according to claim 93. wherein said protrusions nearest to said pixel 
electrode outside said pixel electrode are arranged on a bus line. 



values. 



fixed in each pixel. 

98 A liquid crystal display device according to claim 97 wherein the thickness o1 the layer of said liquid 
crystal is different at the plurality of pixels constituting the set. 

surface inclination angles (taper angles). 

set and the side surface inclination angle of the protrusion .n each pixel is fixed, 
formed along of said domain regulatmg means. 

102. A liquid crystal display device according to claim 13, comprising light shielding patterns provided 
along of said domain regulating means. 

103. A liquid crystal display device according to °' 

protrusions (banks) each extending stratghtly m f^^.'^^J^^J^^^^"' ^ second domain regulating 

parallel to one another with a predetermined firs .f a second direction 
means includes a second array P!^''''^^'^'}^^''' ^ in parallel to one another with a 

different from the first direction, said protrusions or slits are arrangea tn pa 

predetermined second pitch among them. 

■ 104. A liquid crystal display device according to ^^^^^ ^"^^ ^^^^^^^^^^^^ 
further provided at centers of frames, which are forr^ed when ^^rt cally seen to ^.^^^ ^^^^^^ 

first array of protrusions and said second array of protrusions or slits, on either oi 
substrate 

105. A liquid crystal display device according to claim 104. wherein said additional protrusions or slits 

have figures similar to the frames. 

substrates. 

107. A liquid crystal display device according to claim 103, wherein a sum of a thicknesses of said 
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protrusion of said first array and a thicknesses of said protrusion of ^aid f ecorid arra^^^^^^^ 
thickness of a layer of said liquid crystal, and crossing portions of said protrusion of said first and 
second arrays operate as spacers. 

108 A liquid crystal display device according to claim 13, wherein said first structure includes 
Dratmsims forced v^^^^^^ first two-dimensional lattice, said second domam regulating means includes 
Cro us ons orbits fo rced with a second two-dimensional lattice having same array pitches as those of 
S^?^o dfmensTnallattice. and said first and second two-dimensional lattices are offset by half 
pitches of said array pitches. 

109 A liquid crystal display device according to claim 10B. wherein crossing portions, which are formed 
when verHcally seen to °he substrates by said first array of protrusions and said second array of 
profusions or sNts are mutually omitted, and said protrusions or shts of said first and second arrays are 
intermitten. 

110 A liquid crystal display device according to claim 23. wherein said first and second structures 
ndude orotrusions (banks) of dielectric materials each extending straightly in one direction, said 
protruLTs are arranged in parallel to one another with a predetermined pitch among them, electrodes 
CI s^ n,and second substrates are partially formed on one of slopes of said protrusions. 

1 1 1 . A liquid civstal display device according to claim 1 1 0. wherein said dielectric materials forming 
said protrusions passes visual light. 

1 1 ? A liouid crvstal display device according to claim 1 1 0. wherein said protrusions of different 
substrates te^rranged so^h slopes of said protrusions on which no electrode is formed are nearer 
to each other. 

1 13 A liquid crvstal display device comprising: a first substrate and a second substrate processed for 
vertical alianment and a^ crystal having a negative anisotropic dielectric constant and being 
sandw ched bet^efrsaid mst and second substrates; orientations of said liquid crystal layer being 
vert" sam andTec^ substrates when no voltage being applied, being almost horizontal to 
saS ffrs and second s^^ when a predetermined voltage being applied and being ob que to said 

f's^I^d second subslra^^^^^ an intermediate voltage lower than the predetermined voltage being 
applied, 

said first and second substrates comprising first and second domain regulating means for regulating 
azimuths of the oblique orientations of said liquid crystal; extendino straiohtiv 

said first domain reoulating means includes a first array of protrusions (walls) each extenaing stra gniiy 
fn a f!rst direcrn s^^d protrusions are arranged in parallel to one another with a predetermined first 

said^econd Sin regulating means includes a second array of protrusions or slits each extending 
s'aight^ in a second c^rection different from the first direction, said protrusions or slits are arranged in 
parallel to one another with a predetermined second pitch among them. 

substrate. 

1 15. A liquid crystal display device according to claim 114, wherein said additional protrusions or slits 
have figures similar to the frames. 

1 16. A liquid crystal display device according to clai^nn 1 13. wherein said ^l^t array oj^^^^^^^^ and 
said second array of protrusions or slits are crossed at right angle when vertically seen 



substrates. 
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said first and second substrates comprising first and second domain regulating means for regulating 

protrusionrofSepressions are arranged in parallel to one ano.her with a predetermmed pitch among 
second domain regulating means includes an array of protrusions or depressions or slits each 

among them. 

1 1 8. A liquid crystal display device according to claim 117, wherein said predetermined pitch is an 
integral submultiple of said pixels. 

119. A liquid crystal display device according to claim 117, wherein said predetermined cycle is an 
integral submultiple of said pixels. 

120 A liquid crystal display device according to claim 117, wherein said protrusions or depressions or 
slits of said firsT and seoons substrates are offset by a half of said predetermmed pitch. 

121 A liquid crystal display device, characterized by comprising: 

vertical alignment treatment is performed, and in whjch °^'sntat.ons o sa^ I quid crys^^^ 

crystal panel and the other thereof. 

122 A liquid crystal display device, characterized by comprising: 

vertical alignment to said substrates when no ^o't^se js apphed ac^o^^^^^ ^ 
nearly horizontal when a voltage ,s ^PP''^^?,"°^f'^'^^^^^^^^ and in which 

voltage being less than a P^edeterrnined voltage ^s app^djcr°ss ^f^l% -.^^^ slits 

domain regulating means consisting of one °f or a substrate and in which, when a 

axes thereof intersect with each other at right angles: and uniaxialitv in a direction of 

at least one of phase difference films each having °P'^^'X ^^^jr^^J^^ panel and one of 

thickness thereof, placed in at least one of spaces f°f"^t.H or b^th of he s^des of said liquid 

said first and second polarizing plates, which are P[°v'ded at one or both of the 

crystal panel, and between said liquid crystal panel and the other thereof. 

123 A liquid crystal display device, characterized by comprising: 
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vertical alignment treatment is performed, and in which orientatioris °f f ^i^J'^^-'^i^^^^'^'^^^ "^^^'^ 
vertical to said substrates when no voltage is applied across said liquid ^-^s f ^ ^"'^ are neady 
horizontal when a voltage is applied across said liquid crystal, and are nearly oblique when a voltage 
be ngTesMhan a predetermines voltage is applied across said liquid ^^^'^^ " f^"^^, 
regulating means consisting of one of or a combination of protrusions, depressions ^hts fo med in 
Electrodes is provided on a surface of at least one of said two substrate and in ^^ich. whe^^^^^ 
being less than the predetermined voltage is applied across said liquid crystal, said hquid c^^stal ,s 
requited so that the oblique alignment is caused in a plurality of directions in each pixel, 
fTst anfsecond poiari plates placed at.both sides of said liquid crystal panel so that absorption 
axes thereof intersect with each other at right angles; . .... „i=^^h hotwoon QaiH linnid 

a first phase difference film having optically inplane positive uniaxia ity, P'^'^^f^^^^^jT^f " ^^^^^^^ 
crystal panel and said first polarizing plate so that a phase lag axis thereof intersects with the 
absorotion axis of said first polarizing plate at nght angles; and .u, . 

a secona phase difference film having optically negative uniaxiality in a direction of thickness thereof, 
placed between said liquid crystal panel and said second polarizing plate. 



124. A liquid crystal display device, characterized by comprising; 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is . 

sand^ched be'^veen two substrates, namely, upper and ^--^-^ ^^^^'^^'^^Xu^ c"n.stal are nearly 
vertical alignment treatment is performed, and in which orieritations of ^^^dliqu d crystal are^n^^^^^^ 
vertical alignment to said substrates when no voltage is applied across said liquid crystal, and are 
Tear^^ ho izontal whe a voltage is applied across said liquid crystal, and are nearly oblique when a 
voltaqe be no less than a predetermined voltage is applied across said liquid ciystal, and in which 
domain reTt^a^ng means consisting of one of or a combination of protrusions, depressions and sli^ 
for3in Sode^ls provided on a surface of at least one of said two substrate and .n which, when a 
voTaqe b JngTsfth^ predetermined voltage is applied across said liquid crystal, said liquid 
Sms rrqulated so that the oblique alignment is caused in a plurality of directions in each pixel; 
f'^^fani second polahzing plates placed It both sides of said liquid crystal panel so that absorption 
axp«^ thpreof intersect with each other at right angles, 

ff rs, pha^idSnce film having optically inplane positive "^-^itte'l^ intrst^trw"itr,he 
crystal panel and said first polarizing plate so that a phase lag axis thereof intersects with the 
absorption axis of said first polarizing plate at right angles; and thirknps<; thereof 

a second phase difference film having optically negative uniaxiality m a direction of thickness thereof, 
placed between said first phase difference film and said first polanzing plate. 

125. A liquid crystal display device, characterized by comprising: 

a linuid crvstal oanel in which a liquid crystal having a negative dielectric constant anisotropy is 
sandwiched be?,!eln ^" namely, upper and lower substrates on the surfaces of which a 

:e".rg?meTtrearent is performed, and in which o-ntmions of s^ liqu^^^^^^^ 

vprtical alinnment to said substrates when no voltage is applied across satd liquid crystal, ana are 

SS'£i\StCS?.Tp"r^^^^^^^^ 

crystal panel and said first polarizing plate so that a phase lag axis thereof intersects with the 
absorption axis of said first polarizing plate at right angles; and .-,^^,1^^ thickness thereof 

a second phase difference film having optically negative uniaxiality n a direction of thickness 
placed between said liquid crystal panel and said first polarizing plate. 

126 A liquid crystal display device, characterized by comprising: 

hnn7/19 P^nnrpn^^ rom/r>^nnrpn^t/rln^rr>=: >l f T_pn.\ f v _,l hA.'i -n 
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nearly horizontal when a voltage is applied across said liquid crystal, and are nearly oblique when a 
voltage being less tiian a predetermined voltage is applied across said liquid crystal, and in v/hich 
domain regulating means consisting of one of or a combination of protrusions, depressions and slits 
formed in electrodes is provided on a surface of at least one of said two substrate and in which, when a 
voltage being less than the predetermined voltage is applied across said liquid crystal, said liquid 
crystal is regulated so that the oblique alignment is caused in a plurality of directions in each pixel; 
first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption 
axes thereof intersect with each other at right angles; 

at least one of phase difference films, whose inplane dielectric constantes nx and ny and dielectric 
constant nz in a direction of thickness thereof have the following relation: nx, ny ^ nz, which is placed 
in at least one of spaces between said liquid crystal panel and one of said first. and second polarizing 
plates and between said liquid crystal panel and the other thereof. 



127. A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is 
sandwiched between two substrates, namely, upper and lower substrates on the surfaces of which a 
vertical alignment treatment is performed, and in which orientations of said liquid crystal are nearly 
vertical alignment to said substrates when no voltage is applied across said liquid crystal, and are 
nearly horizontal when a voltage is applied across said liquid crystal, and are nearly oblique v/hen a 
voltage being less than a predetermined voltage is applied across said liquid crystal, and in which, 
when a voltage being less than the predetermined voltage is applied across said liquid crystal, said 
liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption 
axes thereof intersect with each other at right angles; and 

at least one phase difference film having optically inplane positive uniaxiality. placed in at least one of 
spaces formed between said liquid crystal panel and one of said first and second polarizing plates, 
which are provided at one or both of the sides of said liquid crystal panel, and between said liquid 
crystal panq! and the other thereof. 

128. A liquid crystal display device, characterized by comprising: 

a liquid crystal pane! in which a liquid crystal having a negative dielectric constant anisotropy is 
sandwiched between two substrates, namely, upper and lower substrates on the surfaces of which a 
vertical alignment treatment is performed, and in which orientations of said liquid crystal are nearly 
vertical alignment to said substrates when no voltage is applied across said liquid crystal, and are 
nearly horizontal when a voltage is applied across said liquid crystal, and are nearly oblique when a 
voltage being less than a predetermined voltage is applied across said liquid crystal, and in which, 
when a voltage being less than the predetermined voltage is applied across said liquid crystal, said 
liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption 
axes thereof intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of 
thickness thereof, placed in at least one of spaces formed between said liquid crystal panel and one of 
said first and second polarizing plates, which are provided at one or both of the sides of said liquid 
crystal panel, and between said liquid crystal panel and the other thereof. 



129. A liquid crystal display device in which negative-type liquid crystals are held between two pieces of 
upper and lower substrates of which the surfaces are vertically oriented, said liquid crystals are 
oriented nearly vertically when no voltage is applied, oriented nearly horizontally when a predetermined 
voltage is applied, and are oriented aslant when a voltage smaller than said predetermined voltage is 
applied, wherein one of said two pieces of color filter substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the 
regions; 

a transparent electrode formed on said color decomposition filters; and 
a light-shielding film formed at any position on said transparent electrode. 
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130. A liquid crystal display device in which negative-type liquid crystal is held between an upper and 
lower substrates of which the surfaces are vertically oriented, said liquid crystal is oriented nearly 
vertically when no voltage is applied, oriented nearly horizontally when a predetermined voltage is 
applied, and are oriented aslant when a voltage smaller than said predetermined voltage is applied, 
wherein a molar mixing ratio of contamination elements of polyurethane and skin mixed to the liquid 
crystal is less than 1/1000. 

131. A liquid crystal display device according to claim 130, wherein each contamination element of the 
mixed polyurethane. or skin has an area smaller than 5 mu m x by 5 mu m. 

132. A process for producing a substrate for vertically oriented liquid crystal display having, on the 
surface thereof, a protrusion that works as a domain regulating means to so restrict that said liquid 
crystals are oriented in a plurality of aslant direction in each pixel when a voltage smaller than a 
predetermined voltage is applied, comprising: 

a step of forming a protrusion after electrodes have been formed on the surface of said substrate; 
a step of treating the surface of said protrusion to facilitate the formation of a vertical alignment film; 
and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes have 
been formed, of which the surface has been treated, and which includes said protrusion. 

133. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein ruggedness is formed on the surface of said protrusion by a plasma ashing treatment in 
the step of treating the surface of said protrusion. 

134. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein ruggedness is formed on the surface of said protrusion by an ozone ashing treatment in 
the step of treating the surface of said protrusion. 

135. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein ruggedness is formed on the surface of said protrusion by washing with a brush in the 
step of treating the surface of said protrusion. 

136. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein ruggedness is formed on the surface of said protrusion by rubbing in the step of treating 
the surface of said protrusion. 

137. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein said protrusion is irradiated with ultraviolet rays in the step of treating the surface of said 
protrusion. 

138. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein silane coupling agent is coated onto the substrate on which said protrusions are formed in 
the step of treating the surface of said protrusions, 

139. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
132, wherein said protrusions are treated to foam in the step of treating the surface of said protrusions. 

140. A process for producing a substrate for vertically oriented liquid crystal display according to claim 
139, wherein said substrate is rapidly heating so that said protrusions foam in the step of treating the 
surface of said protrusions. 

141 . A process for producing a substrate for vertically oriented liquid crystal display having, on the 
surface thereof, protrusions that work as domain regulating means to regulate azimuths of orientations 
of said liquid crystal when molecules of said liquid crystal are tilted by applying a voltage is applied, 
comprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin; 
a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and 
the protrusions have been formed. 
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1 42. A process for producing a substrate for vertically oriented liquid crystal display having, on the 
surface thereof, walls that work as domain regulating means to regulate azimuths of orientations of said 
liquid crystal when molecules of said liquid crystal are tilted by applying a voltage is applied, 
comprising: 

a step of forming sets of two walls neighboring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and 

the protrusions have been formed. 

143. A process for producing a color filter substrate that is used as one of the two pieces of substrates 
for a liquid crystal display device in which liquid crystals are oriented nearly vertically when no voltage 
Is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented 
oblique when a voltage smaller than said predetermined voltage is applied, said color filter substrate 
having plural kinds of color decomposition filters formed on a transparent support member for each of 
the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined 
portions one upon the other among said plural kinds of color decomposition filters; 
a step of applying a positive-type photosensitive resin; and 

a step of developing said negative-type photosensitive resist after said positive-type photosensitive 
resist is exposed, through said colored members, to light with which said positive-type photosensitive 
resist is photosensitized, said light having a wavelength that transmits very less through the portion 
where said two or more color decomposition filters are superposed than through other portions. 



144. A process for producing a color filter substrate according to claim 143, further comprising a step of 
forming a transparent and flat layer after said plural kinds of color decomposition filters have been 
formed. 

145. A process for producing a color filter substrate according to claim 143, wherein said positive-type 
photosensitive resist has light-shielding property. 

146. A process for producing a color filter substrate that is used as one of the two pieces of substrates 
for a liquid crystal display device in which liquid crystals are oriented nearly vertically when no voltage 
is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined voltage is applied, said color filter substrate having 
plural kinds of color decomposition filters formed on a transparent support member for each of the 
regions, comprising: 

a step of forming plural kinds of color decomposition filters on the transparent support member for each 
of the regions; 

a step of forming a transparent electrode on said color decomposition filters; and 
a step of forming a light-shielding film at any position on said transparent electrode. 



147. A process for producing a color filter substrate according to claim 146, wherein said step for 
forming the light-shielding film comprises: 

a step of applying a photosensitive resist onto said iight-shielding.film which includes said transparent 
electrode; 

a step of etching said photosensitive resist after it has been developed by exposure to light through a 
predetermined pattern; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 



148. A process for producing a color filter substrate according to claim 146, further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes 
said light-shielding film after the step of forming said light-shielding film; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive 
resist has been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the developing; 
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wherein said photosensitive resist left on said light-shielding film worl<s as an insulating protrusion. 
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